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Abstract 
This report will look into a description of the method for obtaining results using an engine dyno, the results will be put into an excel document which is used to produce three graphs showing engine power, torque and SFC compared to engine speed. The graphs are analysed to find engine characteristics which can be used to make improves to engine tuning to help reliability, efficiency and power.
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Introduction
This report focuses on collecting and analysing data obtained from a Honda D16 1.6 litre VTEC engine connected to an Eddy current brake engine Dynamometer. Engine load, speed and fuel consumption will be measured with the throttle 100% open. The data recorded by the dyno software is displayed in graphs where conclusions will be drawn. The data obtained will be used in a excel document along with equations to work out engine parameters. Three graphs will be produced showing SFC, Torque and engine power all compared to engine speed. 
Background
The engine is a Honda D16 1.6l SOHC VTEC engine with a max power output of 86.5 kw. It is connected up to an Eddy Current Brake Dynamometer by creating a magnetic flux opposite to the direction of rotation to create a load. Engine dynos are more accurate than chassis dynos as there is no power loss from transmissions or tyres. The test is carried out at room temperate at a consistent 

Methodology 
Start up the engine and dyno cooling system, and start up the engine exhaust extractor fan. The cooling system must be effective to cool the engine as there is no airflow. To calibrate the dyno place 0.8178m arm on the dyno and a 20kg weight to make sure the dyno is reading accurately. Use the equation force x length to give torque. The dyno measures rotation of the outer housing to measure torque and it can be altered by adding weight to the outside. Turn on the dyno software and start the engine making sure the door is closed and no one is in the room. Perform a sweep test by starting at idle maintaining 100% throttle opening up to the maximum rpm of the test. Next perform a step test starting at idle, a step test stops accelerating every 50rpm for one second. Do this until the maximum revs are reached. If desired the engine can be controlled manually by adjusting engine power and dyno load. A sweep test simulates real wold driving conditions and is quicker to perform over a step test, the data produced can be made into a relatable graph. The step test helps for understanding what happens at different points in the rev range by stopping in increments, however more heat is created as the test takes longer which does not simulate real world driving therefore the data produced can be hard to interpret. The room temperature and atmospheric pressure are considered on the excel spreadsheet to eliminate anomalies.
Equipment 
· Honda d16 1.6 litre VTEC
· Engine dynamometer 
· Load arms 
· 20kg weights 

[bookmark: _Hlk30430592]Equations 

	T=W x R         

T= Torque (NM)      W= Load (N)    R= Radius  (M)


BP= Brake Power (W)    N= Engine Speed (RPM)    T= Torque (NM)


Ps= Corrected Power (W)    Pa= Pressure (Pa)    Ta= Temperature (°K)
Pa is measured in m/bar which needs to be converted into bar by dividing it by 1000.
Ta is converted into degrees kelvin by adding 273  

S.F.C= Specific Fuel Consumption (Kg/Kwhour)     V= Flow Rate (Kg/hour)   BP= Brake Power (W)	
0.72 is the specific gravity of the fuel  

A= Piston area (M^2)    D= Piston diameter (M)
4 is the number of pistons



BP= Brake Power (W)   L= Stroke (M)  A= Area (M^2)  N= Engine Speed (RPM)  n= Number of Cylinders 


Nt= Thermal Efficiency (%)   C.V= Calorific Value 
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Fig 1

Data Analysis 











Fig 2
This graph shows the engine torque curve from 1000 rpm to 5500 rpm. Engine torque increases from 1000 rpm at 86 nm to 106.5 nm at 3650 rpm. There is a dip in the torque curve between 2800 rpm and 3500 rpm due to the sonic wave in the intake manifold not being in time with the valves. This sonic wave is a form of ‘free boost’ which can be used to increase engine power throughout the rev range. The sonic waves bounce off of the closed inlet valve and travel at the speed of sound from one end of the inlet manifold to the other, if timed correctly the sonic wave will reach the valve when it opens. From 3650 torque decreases down to 79.4 nm at 5500 rpm due to the head not being able to flow enough air.  











Fig 3 
This graph shows engine power and rpm, there is a Smooth curve from 1000rpm to 4750rpm reaching a max power of 58718W. After 4750rpm the power reduces to 55871W at 5500 rpm. This is likely due to the valves not being able to let in enough fuel and air into the combustion chamber, beyond 5300 rpm there is a switch over to a different cam profile known as VTEC to increase power at high rpm. The switchover to the different cam profile creates a dip in power before second cam profile gets up to speed, the test was stopped before Vtec could display its benefits therefore it is not shown on the graph.











Fig 4
This graph displays fuel consumption and engine rpm. There is high fuel consumption from 1000 rpm to 1500 rpm due to the engine being put under a load at 100% throttle causing a rich air fuel ratio. The mixture quickly leans off and then slowly increases throughout the rev range as the engine is requiring more fuel. The curve has small oscillations due to the lambda sensor constantly adjusting the air fuel ratio to optimise the mixture. 

Conclusion 
Overall the assignment gave data that allowed for analysis of engine parameters. The dyno was set up to allow maximum accuracy when measuring engine output by reducing power loss from external factors like drivetrain drag and was calibrated to ensure that it would measure the correct torque of the engine. The excel document was used to calculate multiple engine parameters while considering external factors like room temperature and atmospheric pressure to allow for accurate results. These results created graphs which can be used to help tune an engine for maximum efficiency and or maximum power. The graphs also show how inlet manifold tuning can create or reduce flat spots in the engine torque curve and show how systems like Hondas Vtec system can increase top end power output.




Further work
Changes to the engine such as fitting a head with 16 valves instead of 8 along with introducing Vtec on the exhaust cam would help to show how better airflow can increase engine efficiency. These changes were made to the Honda B18b engine.
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Engine Power vs Engine Speed
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SFC vs Engine Speed
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91| 101758 5250 03313 023853 1431216 10508 081878 2 10435 0075 00074 §3.34689 55964.18 55734.33 0255738 4 0004418 5782006 30.73562

92| 1006075 5300 03324 0239328 14.35%8 10508 081878 20 10435 0075 00074 5237543 5583865 55609.32 0257164 4 0004418 3667950 30.5652

93] 99.506% 5350 03308 0238176 14.29056 10504 081878 2 10435 0075 00074 BLE0IS2 5597294 55743.06 0255312 4 0004413 3600669 30.786

94| s9.36661 5400 03388 024393 1463616 105 081878 2 10435 0075 00074 SL3594 561905 55959.72 0260474 4 0008418 3508744 3017677

95| seaassl 5450 03438 024753 1485216 105 081878 20 10435 0075 00074 50.52604 56129.89 558%9.35 0264603 4 0004418 3450936 29.70583

9| 57.00628 5500 03488 025113 1506816 105 081878 2 10435 0075 00074 79.4268 SS87L6L 55642.14 0269693 4 0004418 3321925 25.14526
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37| 1885 2550 01626 017072 70242 1183 081878 2 102435 0075 0007 1055023 34408.33 34267.02 0204145 4 0004418 12382275 3850316

38| 129144 2600 0.16805 0120996 75976 11863 081878 2 102435 0075 0007 1057392 3516177 35017.36 0206467 4 0004418 12410075 3807023

39| 1293765 2650 0.17145 012344 7.40664 11824 081878 2 102435 0075 0007 1059309 3590293 3575548 0206296 4 0004418 12432578 3810182 s

40| 1292821 2700 017465 0125748 75088 11783 081878 2 102435 0075 0007 105853 36553.66 3640353 0206405 4 0004418 12423508 38.08163

41 1290554 2750 01784 012848 770688 11739 081878 2 102435 0075 0007 1056679 37165.27 3701263 0207368 4 0004418 12401715 37.50493 0z

42| 12904 2800 018005 0129635 777816 11688 0.81878 2 102435 0075 0007 1056629 37839.21 376838 0205558 4 0004418 12401126 3823862 0

43| 1292885 2850 01831 0131832 790992 11641 081878 2 102435 0075 0007 1058556 38585.15 38426.68 0204999 4 0004418 1223728 38.34292 .

44| 1285487 2900 01879 0135288 811728 1159 081878 2 102435 0075 0007 1055806 39160.08 3899925 0207285 4 0.00a418 12391467 37.52015 §ois

45| 12850 2950 019255 0138636 831816 11541 081878 2 102435 0075 0007 1052213 39699.69 39536.64 0209527 4 0004418 12349296 37.5143 o

46| 1285834 3000 0199 014328 85968 11493 081878 2 102435 0075 0007 1052815 40395.67 40229.76 0212815 4 0004418 12356363 36.93474

47/ 1285119 3050 020605 0148356 890136 11449 081878 2 102435 0075 0007 1055505 4117386 4100475 0.21615 4 0004418 12387933 36.35819 005

48| 1285977 3100 021005 015123 907415 11402 081878 2 102435 0075 0007 1056208 418767 4170471 0216658 4 0004418 12396175 3627463 o

49| 1294709 3150 021605 015555 933336 11356 081878 2 102435 0075 0007 1060082 4270821 425328 0218538 4 0004418 12041699 35.96751 0

50| 1296854 3200 021795 0156924 94154 11312 051878 2 102435 0075 0007 1061838 43458 43279.52 0216656 4 0004418 12462263 3627991

51| 19872 3250 022305 0160596 9.6357 11263 0.1878 2 102435 0075 0007 1063163 44192.11 4401061 0.218043 4 0004418 12477813 36.04921

52| 1298901 3300 02255 016236 97415 112 081878 2 102435 0075 0007 1063514 44886.81 4470246 0217026 4 0004418 12481535 3621808

53| 198117 330 02285 016452 98712 1118 081878 2 102435 0075 0007 1062872 45539.39 4535236 0216762 4 0004418 12472396 3626221

54| 1300572 3400 0232 0168624 1011784 11141 051878 2 102435 0075 0007 1064715 46299.39 4610924 0218522 4 0004418 12496071 35.9701

55| 1303118 3450 023605 0169956 1019735 111 081878 2 102435 0075 0007 1066967 47075.47 4688611 0216599 4 0004418 12522058 36.28949

56| 1301855 3500 024195 0174204 1045220 11055 0.51878 2 102435 0075 0007 106593 477155 4751953 0219053 4 0004418 12510325 35.88287

57| 1304025 350 024545 0176724 1060344 1102 051878 2 102435 0075 0007 106771 48477.81 4827871 0218728 4 0004418 12531175 35.93629

58| 1303633 3600 025505 0183636 1L01815 10988 0.81878 2 102435 0075 0007 1067389 4914581 4894357 0.224193 4 0004418 12527405 35.0602

59| 1301917 3650 025755 0185436 1112615 10951 0.1878 2 102435 0075 0007 106594 4976279 4955842 0223584 4 0004418 12510914 3515576

60| 1295772 3700 026445 0150404 1142424 10917 081878 2 102435 0075 0007 1064227 5036136 5015452 0226845 4 0004418 12490299 34.65031

61| 1295359 3750 02651 0150872 1145232 10888 081878 2 102435 0075 0007 1060614 S0868.62 50659.7 0225135 4 0004418 1247892 3491351

6| 1283683 3800 02693 01539 1163376 10854 081878 2 102435 0075 0007 105597 5132102 5111024 0226686 4 0004418 12393352 34.67465

63 128507 380 027375 0171 118265 10824 081878 2 102435 0075 0007 1052163 5180898 51596.2 0228262 4 0004418 12348707 3443533

64| 1281055 3900 02759 0158648 1191888 10795 081878 2 102435 0075 0007 1048301 5231512 5210424 0227811 4 0004418 12310422 3450341

65| 127.7241 3950 028285 0203652 1221912 10768 081878 2 102435 0075 0007 1045775 5283218 526152 0231282 4 0004418 12273787 3398565

66| 1265212 4000 0.28455 0204876 1229255 10739 081878 2 102435 0075 0007 103.9205 5316462 5294627 0231217 4 0004418 12196630 3399518

67| 1262052 4050 02871 0206712 1240272 10715 081878 2 102435 0075 0007 1033695 5354376 5332385 0231637 4 0004418 12131959 3393352

68| 1257314 4100 028895 0208044 1248264 10GES 081878 2 102435 0075 0007 102548 539837 5376203 0.23123 4 0004418 12082088 3399332

69| 1254528 4150 0.29305 0210396 1265976 10663 081878 2 102435 0075 0007 1027261 54524.35 5430041 0232185 4 0004418 12056451 3385338

70| 125402 4200 02949 0212328 1273968 10644 081878 2 102435 0075 0007 102676 S5150.31 54527.79 0230983 4 0.004418 12050561 34.02969

71| 1243819 4250 029715 021348 1283688 10624 081878 2 102435 0075 0007 1023327 55620.32 5539587 0230778 4 0004418 12010275 34.05981

72| 124757 4300 03022 0217584 1305504 10607 081878 2 102435 0075 0007 102145 S6175.51 5594479 0232397 4 0004418 11988205 3382251

73| 1241605 4350 030605 0220356 1322136 10593 081878 2 102435 0075 0007 1016602 56559 5632671 0233762 4 0004418 11931350 33.62502

74| 1225777 440 03092 0222620 133574 10583 081878 2 102435 0075 0007 100617 S6664.05 5643133 0.23573 4 0004418 11817676 3334428 .
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