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1.0 - Introduction
This report looks at data taken from a dyno test run on a Honda VTEC D16. A 1.6L inline 4 engine with the goal of calculating performance characteristics from the data. The data measured includes load, dyno speed or RPM, fuel flow rate and lambda which allow you to work out measured power and torque. These values can then be used to calculate performance values such as corrected power, SFC (Specific fuel consumption), BMEP (Brake Mean Effective Pressure) and overall thermal efficiency. Also included in the report is an explanation on how eddy dyno’s function and how to calibrate them for testing. The report will then look at what these performance characteristics represent and what they mean in relation to each other. 























2.0 - Chapter 1: Dyno Test 
2.2 – Equipment 
- Dyno (Schenck W230)
- Calibration arm
- Calibration weights
- Honda VTEC D16Figure 1: Schenck W230 with Honda D16 equipped.
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Calibration arm



2.2 – Calibration 
The dyno used in the test is a Schenck W230 which has a max power rating of 230kW and can test engines up to 10000 RPM. The dyno is an eddy current dyno and works via an inner core which spins freely and is directly attached to the engine, so the engines rpm is equal to the inner core’s rpm. The outer core surrounding the inner core is fed by a current giving it an electromagnetic field which puts a load on the inner core which in turn tries to slow the engine down. This load makes the outer casing want to turn but is restricted by the electromagnetic field which is measured through a strain gauge which sends a signal between 0 and 10 volts to the dyno computer. To find what load the voltage represents the dyno must be calibrated. 
Calibration involves hanging a mass (for example 10kg) from the calibration arms sending a reading through the strain gauge which is logged. Then you repeat this for multiple different weights increasing in intervals, from this the computer can calculate what voltage values are equivalent to torque that’s being produced. Torque however is measured in newtons, so the mass must be converted to weight by multiplying by the gravitational constant (9.81). this can then be multiplied by the calibration arm length (0.81578m) to give torque in newtons. The electromagnetic current on the outer core can be varied to increase or decrease load on the strain gauge to simulate different amounts of throttle at various RPMs (Fall. M, 2020).

2.3 – Method
Before the dyno test can be conducted the dyno has the be set up correctly and a sweep test must be completed. To ensure the dyno accurately records the data you have the check the starting rpm, finishing rpm and data intervals are set up correctly. For the Honda 1.6L engine being used in this test the ideal staring RPM is 1000, the ideal finishing RPM is 5500 and the interval of recording data at 50 RPM. The lambda and the fuel flow rate are recorded respectively by a lambda sensor and fuel meter attached directly to the engine. Once the dyno is set up the dyno run can begin which is done by increasing the throttle on the engine to 100%. Once at 100% the dyno computer takes control over the engine (engine throttle cable is attached to dyno computer) and plots power and torque values for the entire RPM range recording data every 50 RPM (Fall. M, 2020a). 





















3.0 – Chapter 2: Raw Results 
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Description automatically generated][image: ]Table 1: Measured data (darker green) and calculated data (lighter green)
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4.0 – Chapter 3: Analysis

4.1 – SFC against RPM
[image: A graph showing a graph showing a graph
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The graph above shows the relationship between specific fuel consumption (SFC) and engine speed (RPM). SFC is how much fuel is used for a specific amount of power which can be used to find optimum operating conditions or to compare fuel efficiency of different engines (Handout Master, 2020). 
The lower the SFC the better, therefore from the graph we can see the engine is most fuel efficient at around 1450 – 2450 rpm. This would suggest the engine has been set up to be optimum in this rpm range to be more fuel efficient in urban areas where you might be stopping and starting a lot. Another reason may be the engine has been detuned to increase the longevity of the engine on the dyno. Many components could be affecting the SFC such as the custom intake from a lawnmower which is most likely restricting airflow and therefore power. A faulty lambda sensor could also result in the mixture or air to fuel being incorrect which would have a direct effect on SFC.
Past around 2200 RPM the SFC begins to uniformly increase with the RPM, this is due to the increasing amount of piston strokes taking place per minute resulting in more combustion events which requires more air and therefore fuel to be pumped into the combustion chamber.







4.2 – Torque against RPM
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The graph above shows the relationship between Torque (Nm) and engine speed (RPM). Torque can be defined as the rotational force of the engine translating to acceleration and ultimately speed. From the graph we can see that the Honda engine is producing between 72 and 103 Nm over the RPM range. 
The Honda D16 is known as an over square engine due to the bore (90mm (Honda, 2020)) being bigger than the stroke (75mm (Honda, 2020)). Over square engine designs are capable of making more power at higher RPMs as the shorter stroke to bore ratio allows them to rev higher, however this particular engine is capped at 5500rpm for longevity on the dyno as high rpms increase engine wear.
From the graph we can see max torque is produced at 2300 RPM, high torque at low rpm is ideal for immediate power assisting with things like towing or hill starts (Muscad. O, 2024). However, after that the torque gradually decreases as engine speed increases. This is because as the RPM increases the combustion process becomes less efficient, for example there is less time for fuel combustion and increased friction of moving parts like the crank and pistons. As torque decreases power can continue to increase which is why cars can reach high speed at high rpm despite low torque (Ran When Parked, 2024).









4.3 – Brake Power against RPM
[image: A graph showing a line of a car engine
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The graph above shows the relationship between brake power (kW) and engine speed (RPM). Brake power can be defined as the rate at which work is done, where torque is work done and rpm represents the rate (Handout Master, 2020). 
From the graph we can see the engine made peak power of 44.1kW at 4700 rpm. Before this point both brake power and engine speed increase uniformly. After this we can the power begins to drop off, this is because of factors such as friction and pumping losses making the engine work significantly harder to keep turning its physical components. On top of this at such high rpm the engine requires much more air which it most likely was unable to get due to the DIY air intake and restricted exhaust which limits backflow.  













5.0 – Evaluation  
Overall, I believe the test was conducted effectively and the results are reliable. This is supported by the fact that the calculated figures are within typical ranges and the graphs show expected trends between RPM and other characteristics. For example, from the data we calculated SFC to be between 30 and 40% while the expected values of SFC for a passenger car are 30-40% (Xin. Q, 2014). similarly, you can see BMEP is around 800 kPa or 0.8 MPa, the typical value for BMEP on a NA passenger car engine is 1.3 Mpa (Wikipedia, 2024). Although the value we calculated is slightly lower its within the same range.
  
From the data you can see the engine is restricted, this is shown by the limited max rpm and the fact that the optimum engine speed for both fuel efficiency and torque output are very low at around 1200-2500. This is most likely because the engine has been detuned to increase efficiency and longevity which is ideal for an engine regularly used on a dyno at that rpm range. This would also explain the slightly lower BMEP value calculated compared to the typical value. On top of this the custom air intake and restricted exhaust will be having a direct negative effect on the power/BMEP as the engine can’t get as much air as it usually can. 
Ways this test could have been improved include repeating the test to give multiple results allowing you to identify outliers and limit human error. Another way to improve the test would be to have a second Honda D16 that is not restricted so you can directly compare the differences in performance. 
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126239 2550 0.16260 0.002710000 _ 1.27876 102.98325142 27.50017122  27.67242794  808.829 0.26607 30.06715454
126161 2600 0.16805 0.002800833 _ 1.27634 102.91962058 28.02206541 28.19759119  808.329 0.26987 29.64415660
125.847 2650 0.17145 0.002857500 _ 1.28027 102.66346566 2848986641 28.66832242  806.317 0.27081 2954135397
124911 2700 0.17465 0.002910833 _ 1.28371 101.89989558 2881151670 28.99198748  800.320 0.27278 29.32749736
123927 2750 0.17840 0.002973333 __ 1.28120 101.09716806 2911389438 20.29625920  794.015 0.27574 29.01235115
123689 2800 0.18005 0.003000833 _ 1.27448 100.90301242 2958630850 20.77163246  792.490 0.27385 2921293073
123389 2850 0.18310 0.003051667 _1.26036 100.65827842 3004159426 30.22977005 _ 790.568 0.27427 29.16836629
122519 2900 0.18790 0.003131667 __ 1.25310 99.94854982 3035310422 30.54323126  784.994 0.27857 28.71797454
121837 2950 0.19255 0.003209167 _ 1.23943 99.39218786 3070456044 30.89688895  780.624 0.28220 28.34894065
121709 3000 0.19900 0.003316667 122735 99.28776802 3119217226 31.38755509  779.804 0.28709 27.86570386
121123 3050 0.20605 0.003434167 _ 1.21930 98.80972094 3155035583 31.75703864  776.050 0.29380 27.22908104
121124 3100 0.21005 0.003500833 _ 1.20692 98.81053672 32.07698715  32.27791232  776.056 0.29467 27.14865743
120851 3150 0.21605 0.003600833 119274 98.58782878 3252089386 32.72450959  774.307 0.29895 2675997334
12059 3200 0.21795 0.003632500 _ 1.18481 98.37980488 3206738904 33.17389155  772.673 0.29750 26.89088857
120840 3250 0.22305 0.003717500 117378 98.57885520 3355024912 33.76040257  774.237 0.29917 26.74059060
121633 3300 0.22550 0.003758333 _ 1.16118 99.22576874 3428996407 34.50475098  779.317 0.29593 27.03323110
122181 3350 0.22850 0.003808333 __ 1.15104 99.67281618 3496633822 35.18536183  782.828 0.29407 27.20454226
122933 3400 0.23420 0.003903333 114117 100.28628274 3570664690 35.93030768  787.647 0.29516 27.10439085
123475 3450 0.23605 0.003934167 112669 100.72843550 3639148699 36.61943750  791.119 0.29189 27.40774280
123.428 3500 0.24195 0.004032500 111975 100.69009384 36.90484689 37.13601301 _ 790.818 0.29502 27.11660124
124205 3550 0.24545 0.004090833 110622 101.32395490 37.66770009 37.90364460  795.796 0.29323 27.28246085
124.066 3600 0.25505 0.004250833 _ 1.09697 101.21056148 3815548277 38.39448267  794.906 0.30080 2659555749
123.967 3650 0.25755 0.004292500 _ 1.09401 101.12979926 3865455052 38.89667650  794.272 0.29983 26.68188737
123815 3700 0.26445 0.004407500 _ 1.09659 101.00580070 3913602005 39.38116188  793.208 0.30407 26.30937672
123767 3750 0.26510 0.004418333 _ 1.09808 100.96664326 39.64950809 30.89786633  792.990 0.30087 2658921704
123509 3800 0.26930 0.004488333 __ 1.09907 100.75617202 4009441431 4034555937  791.337 0.30225 26.46823571
122672 3850 0.27375 0.004562500 _ 1.10533 100.07336416 4034668403 40.59940927  785.974 0.30532 2620180393
122157 3900 0.27590 0.004598333 111704 99.65323746 4069908423 40.95401685  782.675 0.30506 26.22469283
121184 3950 0.28285 0.004714167 112259 98.85948352 4089253658 41.14868095  776.441 0.31126 2570190659
120004 4000 0.28455 0.004742500 112461 97.89686312 41.00694213  41.26380312  768.880 0.31226 2561983147
118734 4050 0.28710 0.004785000 112220 96.86082252 41.08012854 41.33744796 _ 760.743 0.31450 25.43759653
117.442 4100 0.28895 0.004815833  1.12394 95.80683476 4113475993 41.39242155 752465 0.31610 25.30834473





image4.png
Load  DynoSpeed FuelFlowRate FuelFlow Rate2 Torque Measured Power Corrected Power BMEP ~ SFC  Overall thermal efficiency

Newtons pm Umin Usec Newtons Kw Kw kPa_ Kg/kWh %

102275 1000 0.07040 0.001173333 _1.26580 83.43389950 8.73717752 879190582  655.288 0.36259 22.06357961
102756 1050 0.07240 0.001206667 _ 1.26783 83.82628968 9.21718195 9.27491692  658.370 0.35347 22.63273654
103689 1100 0.07370 0.001228333 127344 84.58741242 9.74377043  9.80480386 _ 664.348 0.34037 2350374292
104209 1150 0.07280 0.001213333 _ 1.28476 8501161802 10.23775519  10.30188287  667.680 0.31999 25.00062318
105811 1200 0.07440 0.001240000 _ 1.29181 86.31849758 10.84710231 1091504685 677.944 0.30865 25.91900195
107510 1250 0.07895 0.001315833 129729 87.70450780 11.48049322 1155240522 688.830 0.30946 25.85150821
109.488 1300 0.07900 0.001316667 129895 89.31812064 12.15938324 1223554769 701503 0.20237 27.36288774
111797 1350 0.07960 0.001326667 129469 91.20175666 12.89334459 1297410646 716.297 0.27782 28.79585615
114268 1400 0.08350 0.001391667 _ 1.28550 93.21754904 1366640647 1375201068  732.120 0.27494 29.09680686
115783 1450 0.08470 0.001411667 127818 94.45345574 14.34215700 14.43199400  741.836 0.26576 30.10291380
116985 1500 0.08865 0.001477500 _ 1.27950 95.43402330 14.99074133 1508464096 749.537 0.26611 30.06227501
117.788 1550 0.09320 0.001553333 __ 1.27766 96.08909464 15.50676101 1569445666 754.682 0.26890 2975061710
118471 1600 0.09590 0.001598333 _ 1.28235 96.64627238 16.19323836 1629467024 759.058 0.26650 30.01874798
118772 1650 0.09875 0.001645833 129028 96.89182216 16.74170502  16.84657241 _ 760.987 0.26543 30.13977837
118656 1700 0.10005 0.001667500 129942 9679719168 17.23218296  17.34012262  760.243 0.26127 30.61968208
118.861 1750 0.10305 0.001717500 _ 1.31053 96.96442658 17.76965926  17.88096559  761.557 0.26096 30.65551223
119584 1800 0.10930 0.001821667 _ 1.31490 97.55423552 18.38854018 1850372308 766.189 0.26748 29.90918398
119934 1850 0.11415 0.001902500 _ 1.31849 97.83975852 18.95464777 19.07337669  768.432 0.27100 2952006272
120176 1900 0.11745 0.001957500 _ 1.31892 98.03717728 19.50621548 19.62839932  769.982 0.27095 2952551418
120948 1950 0.12055 0.002009167 _ 1.31484 98.66695944 2014814067 20.27434543  774.928 0.26924 2971291310
122157 2000 0.12555 0.002092500 _ 1.31653 99.65323746 2087132525 21.00205992  782.675 0.27069 29.55362662
122845 2050 0.12785 0.002130833 _ 1.32098 100.21449410 2151359643 21.64835419  787.083 0.26742 29.91505174
12379 2100 0.13090 0.002181667 _ 1.32287 100.99030088 2220892711 22.34804032  793.176 0.26523 '30.16236600
124794 2150 0.13435 0.002239167 _ 1.32164 101.80444932 2292101456 23.06458816  799.570 0.26376 30.33008584
125137 2200 0.13770 0.002295000 _ 1.31652 102.08426186 2351852550 23.66584191 B801.768 0.26347 30.36362539
126.028 2250 0.14105 0.002350833 _ 1.30465 102.81112184 2422429988 24.37603706 _ 807.477 0.26202 30.53202553
126660 2300 0.14495 0.002415833 129646 103.32669480 24.88679621 25.04268316  811.526 0.26210 3052307227
126822 2350 0.14985 0.002497500 _ 1.28229 103.45885116 2546033606 25.61981558  812.564 0.26485 30.20541853
126690 2400 0.15370 0.002561667 127304 103.35116820 2597498166 26.13768483  811.718 0.26628 30.04407624
126552 2450 0.15565 0.002594167 _ 1.26984 103.23859056 2648724381 26.65315571  810.834 0.26444 30.25276803

126.438 2500 0.15960 0.002660000  1.27446 103.14559164 27.00345275 2717259810 810.104 0.26597 30.07903397
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115931 4200 0.20490 0.004915000 112179 9457419118 4159590179 41.85645193  742.784 0.31903 25.07571036|
115034 4250 0.20715 0.004952500 _ 1.12456 93.84243652 4176541713 42.02702909 _ 737.037 0.32016 24.98725575|
114391 4300 0.30220 0.005036667 112278 93.31788998 4202057432 42.28378455 _ 732.917 0.32363 24.71980253|
114016 4350 0.30605 0.005100833 111943 9301197248 4236983077 42.63522868  730.514 0.32505 24.61171168|
113.871 4400 0.30920 0.005153333 _ 1.11986 92.89368438 4280233707 43.07044414 _ 729.585 0.32508 24.60965190|
113985 4450 0.30990 0.005165000 111873 92.98668330 4333206504 43.60349023  730.316 0.32183 24.85794846|
113306 4500 0.31445 0.005240833 _ 1.11563 92.43276868 4355791606 43.83075594  725.965 0.32486 24.62594855|
113.074 4550 0.31710 0.005285000 _ 1.10953 9224350772 4395171481 44.22702139  724.479 0.32466 24.64092774|
112195 4600 0.31940 0.005323333 __ 1.10569 9152643710 44.08927997 44.36544824 _ 718.847 0.32600 24.54005703|
111061 4650 0.32055 0.005342500 _ 1.09782 90.60134258 4411803940 44.39438781 711.581 0.32696 24.46796757|
109.973 4700 0.32070 0.005345000 _ 1.09558 89.71377394 44.15558086  44.43216443  704.610 0.32683 24.47733409)
108654 4750 0.32485 0.005414167 _ 1.08827 88.63776012 44.09009154 44.36626489  696.159 0.33155 24.12879328|
107.076 4800 0.32455 0.005409167 _ 1.08396 87.35045928 43.90712979 44.18215709  686.049 0.33263 24.05087648|
105240 4850 0.32570 0.005428333 _ 1.08221 85.85268720 4360379104 43.87691829  674.285 0.33613 23.80038402|
103632 4900 0.32770 0.005461667 _1.08460 84.54091296 4338020814 43.65193490  663.983 0.33994 2353383278
102335 4950 0.32845 0.005474167 __ 1.08823 83.48284630 4327440095 4354546494 655.673 0.34155 23.42282489)
101106 5000 0.32870 0.005478333 _ 1.08687 82.48025268 4318655031 43.45707308  647.798 0.34250 23.35750090)
99315 5050 0.32985 0.005497500 _ 1.08910 81.01910912 4284572140 43.11410021  636.323 0.34643 23.09236664|
97582 5100 0.32970 0.005495000 _ 1.09185 79.60503607 4251472141 4278102689 625.216 0.34897 22.92439398|
95.849 5150 0.33095 0.005515833 _ 1.09407 7819137091 4216913325 42.43327403 _ 614.114 0.35317 2265216740
94.803 5200 0.33380 0.005563333 _1.09346 77.33863607 4211419176 42.37798839 _ 607.416 0.35667 22.42950097|
93.098 5250 0.33130 0.005521667 _ 1.08804. 75.94716013 4175413206 42.01567333  596.488  0.35705 22.40554425|
91789 5300 0.33240 0.005540000 _ 1.08339 74.87930411 4155911467 41.81943438  588.101 0.35992 2222709703
90594 5350 0.33080 0.005513333 __ 1.08007 73.90461016 4140510883 41.66446388  580.445 0.35952 22.25183868|
89.637 5400 0.33880 0.005646667 107895 7312439817 4135087298 41.60988830  574.318 0.36870 2169795250
88.926 5450 0.34380 0.005730000 _ 1.07923 7254372597 4140234864 41.66168640  569.757 0.37367 21.40900970)|
88.647 5500 0.34880 0.005813333  1.08366 72.31677597 4165147289 4191237112 567.975 0.37684 21.22908914,
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