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[bookmark: _Toc194260100]Introduction
[bookmark: _Toc194260101]Aims
[bookmark: _Hlk162528883]This report aims to research the performance characteristics of the Honda D16 engine. Through the use of an engine dynamometer. It will look at how and why the engine speed affects the specific fuel consumption, torque, and power. 

[bookmark: _Toc194260102]Objective
· To use the engine dynamometer to collect the engines performance data 
· How to set up the engine dynamometer for testing
· Use the data to calculate the engine’s power, torque, Brake mean effective pressure (BMEP), specific fuel consumption (SFC), and overall thermal efficiency.
· Plot graphs showing the engine speed against specific fuel consumption, torque, and brake power.
· Discuss why the engine speed affects different engine characteristics. 
· Look at ways in which the test could be improved. 











[bookmark: _Toc194260103]How the Dynamometer Works
An eddy current dynamometer measures an engine's torque using electromagnetic resistance generated by an electromagnet. The engine is connected to the dynamometer via a shaft that spins the rotor. This rotor rotates within an outer casing that houses the electromagnets, referred to as the stator. As the rotor spins, it induces eddy currents, which create a counteracting force against the engine's torque, thereby applying a braking force. This action causes the outer casing to rotate. The extent of this rotation is measured using a strain gauge, which converts the measurement into an electronic signal that is transmitted to the computer system for conversion into a load value.(schenck, 2001) 

















[bookmark: _Toc194260104]Experimental procedure
[bookmark: _Toc194260105]Dynamometer setup
The engine dynamometer consists of many different systems. The dynamometer accurately measures the engine's torque. There is a cooling system to help cool both the dynamometer and the engine during testing. The dyno cell is also fitted with an exhaust extraction system to help eliminate harmful gasses produced by the engine. To control and measure the fuel flow to the engine there are a series of fuel pumps and filters connected to a fuel regulator allowing testing of both carburettor and fuel injection engines. Sensor recorder modules are used to collect data from the engine's sensors which are then fed into the dynamometer software. Using this software, the operator can also control the engine speed and monitor the operation of both the dyno and engine. (Uwtsd WISA Workshops, 2020a)
[bookmark: _Toc194260106]Engine test types
The engine is tested using a p-curve test. There are two types of p-curve tests. A step test increases the engine speed in stepped increments and momentarily holds it at a specific rpm. This allows for a more accurate reading of engine data and can be used to target specific rpm ranges. Which is beneficial when troubleshooting engine faults. However, this type of test does create a lot of heat due to the engine being held at specific rpm. The other type of test is a sweep test. Where the engine is taken through the rev range and data is collected at set points without being held at a specific rpm. This reduces temperature build up and wear on the engine but does mean that the data is not as accurate as a step test. (Uwtsd WISA Workshops, 2020b)









[bookmark: _Toc194260107]Test procedure
Before carrying out a sweep test, the test parameters must be entered into the dyno software as shown in figure 1. First the start and end rpm’s must be set, as well as the data log points. This tells the software at what points data should be collected. And finally, the total test time. Once these have been entered the test can be carried out. 
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[bookmark: _Toc194184440]Figure 1 Showing parameter table for sweep test            (Uwtsd WISA Workshops, 2020b)
Once the dynamometer has completed the test and collected the data. The data is displayed on a graph as well as logged in the data table as shown in figure 2 and 3. 
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[bookmark: _Toc194184441]Figure 2 Showing test results on a graph (Uwtsd WISA Workshops, 2020b)
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[bookmark: _Toc194184442]Figure 3 Showing test results in dynamometer software (Uwtsd WISA Workshops, 2020b)
[bookmark: _Toc194260108]Results
[image: ]
[bookmark: _Toc194184443]Figure 4 Table of results

[bookmark: _Toc194260109]Calculations
Following the sweep test the dynamometer logged the engine load, engine speed, fuel flow rate and lambda. Using this data, it is possible to calculate other engine parameters such as (Harrison Andrew, 2025b)
[bookmark: _Toc194260110]Engine torque
Using the equation
     
[bookmark: _Toc194182946]Equation 1 Torque equation
 Where F is the load force and D is the length of the calibration arm. 
[bookmark: _Toc194260111]Brake power
Using the equation
  
[bookmark: _Toc194182947]Equation 2 Power equation
 where N is the engine speed in rpm and  is the torque. The 2 pi is a full revolution of the engine in radians. Which is then divided by 60 to give the work done per second. Which is also known as watts. 
[bookmark: _Toc194260112]Corrected power
Using the equation
  
[bookmark: _Toc194182948]Equation 3 Corrected power equation
The 1.01325 is used to represent standard pressure in bar and the 293 represents the standard temperature in kelvins. Pa is the ambient pressure, and Ta is the ambient temperature at the time of testing the engine. 



[bookmark: _Toc194260113]Brake mean effective pressure (BMEP)
Bmep can be calculated Using the equation
  .
[bookmark: _Toc194182949]Equation 4 Brake mean effective pressure equation.
The 2 pi is a full revolution shown in radians.  Is the torque produced by the engine. L is the load measured by the dynamometer and D is the displacement of the engine. 
[bookmark: _Toc194260114]Specific fuel consumption (SFC)
SFC can be calculated using the equation
  
[bookmark: _Toc194182950]Equation 5 Specific fuel consumption equation
V is the volume of fuel in cubic centimeters. T is the time in seconds and P is power produced by the engine. 0.75 is the specific gravity of fuel, this is used to convert the fuel flow into kilograms. This is then times by 3600 to calculate the fuel used per hour. This is all divided by 1000 to convert the fuel flow into liters. 
[bookmark: _Toc194260115]Thermal efficiency 
This can be calculated by using the equation
  
[bookmark: _Toc194182951]Equation 6 Thermal efficiency equation
where the BP is the brake power in kilowatts. SFC is specific fuel consumption in kilograms per second and cv is the calorific value of fuel.  


[bookmark: _Toc194260116]Graphs and Analysis 
[bookmark: _Toc194260117]specific fuel consumption against engine speed

[bookmark: _Toc194184444]Figure 5 Graph of specific fuel consumption against speed
The graph in figure 5 shows how the specific fuel consumption (SFC) changes in relation to engine speed. At the beginning of the rev range the SFC is high. Due to the low engine speed, the airflow into and out of the cylinder is reduced. Which in turn reduces the engines’ volumetric efficiency. Whilst also reducing the amount of turbulent air, which is needed to ensure adequate mixing of the fuel mixture. Due to low engine speeds, the friction of bearings and pistons has more of an effect on the engine, as there is not enough power being produced to easily overcome them.(Harrison Andrew, 2025a) As the engine speed increases to between 1500 -2500 rpm the SFC reaches its lowest point. Due to the increased engine speed, the airflow into the cylinder is optimized, allowing a good cylinder fill and there for improved volumetric efficiency. The increased airflow also becomes more turbulent resulting in a better mix of the air and fuel and a more complete combustion. As the engine reaches higher rpm the temperatures within the cylinder increase, meaning that the air is less dense resulting in lower volumetric efficiency and a less complete combustion. If the cylinder temperature gets too high the air-fuel mixture may ignite early and cause the engine to knock. To prevent this from happening extra fuel is added to help cool the cylinders.  These factors lead to increased fuel consumption at higher rpm.(The Carizon, 2021)  
[bookmark: _Toc194260118]Torque against engine speed

[bookmark: _Toc194184445]Figure 6 Graph showing Torque against speed
The graph in figure 6 shows the torque slowly increasing through the rev range before reaching peak torque at around 2500 rpm before dropping off at higher engine speeds. To maximize the engines torque the intake valve is timed to stay open until just after bottom dead Centre. This allows extra air to be drawn into the cylinder, due to the difference in pressure between the cylinder and intake manifold. However, this only happens at an optimum rev range. At lower rpm the piston forces the air back out the intake valve due to the lack of pressure. Resulting in lower volumetric efficiency and torque. As the engine reaches its maximum rpm the friction in both the bearings and pistons increases. As well as the force needed to expel the exhaust gases from the cylinder which causes a decrease in engine torque.(deechitpoudel, 2021) 


[bookmark: _Toc194260119]Corrected Brake power against engine speed

[bookmark: _Toc194184446]Figure 7 Graph showing corrected brake power against speed
The power graph in figure 7 shows that the engines’ power increases with engine speed until the maximum rpm is reached. By looking at the equation of power
  
[bookmark: _Toc194182952]Equation 7 Horsepower equation
The two factors that affect the engine’s power are Torque and rpm. So as the torque increases so does the power. Although the torque curve in figure 6 shows that the engines torque drops after 4000 rpm, the increasing speed of the engine means that the power will continue to increase, though at a slower rate. (Sherman Don, 2016) 






[bookmark: _Toc194260120]Conclusion
After looking at the results of the graphs. The engine looks to be designed for a commuter type vehicle and prioritises fuel efficiency over peak power. Looking at the SFC graph in figure 5 it shows the engine to be most efficient between 1500 and 3000 rpm. This suggests that the engine is most suited to motorway or around town driving. The torque curve has a smooth shape with no big spikes and peaks at around 2000-3000 rpm giving the engine better drivability for day-to-day use. However, the power curve graph does indicate that the engine is significantly down on power. Which could be down to the modifications made to the airbox and exhaust system. 115

[bookmark: _Toc194260121]Evaluation
Due to a fault with the dynamometer the test was not able to be carried out and the results used were from a previous test. In the future it would be beneficial to carry out the test in person to get a better understanding of how the dynamometer works and get hands-on experience with using the dyno software. Further improvements could be made to the engine performance as the results show it to be down on power at the time of testing. Using the original airbox could solve this problem. 
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Baro Humidity Ambient temp Arm lengthDisplacement

mBar % Deg C m cc

1018.90 46 27.000 0.815776 1590.00

Load Dyno Speed Fuel Flow Rate Lambda Torque Brake Power Corrected power BMEP sfc sfc Overall thermal efficiency Overall thermal efficiency 

Newtons rpm l/min Lambda Nm W KW Kpa Kg/Kwh Kg/s Nt %
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111.797 1350 0.0796 1.29469 91.20 12893.28 12.97 80.5831 0.276 0.000995 0.28 28.48

114.268 1400 0.0835 1.2855 93.22 13666.34 13.75 84.18465 0.273 0.0010438 0.29 28.78

115.783 1450 0.0847 1.27818 94.45 14342.09 14.43 86.43174 0.264 0.0010588 0.30 29.77

116.985 1500 0.08865 1.2795 95.43 14990.67 15.08 88.23564 0.264 0.0011081 0.30 29.73

117.788 1550 0.0932 1.27766 96.09 15596.68 15.69 89.45112 0.267 0.001165 0.29 29.42

118.471 1600 0.0959 1.28235 96.65 16193.16 16.29 90.4915 0.265 0.0011988 0.30 29.69

118.772 1650 0.09875 1.29028 96.89 16741.62 16.85 90.95191 0.264 0.0012344 0.30 29.81

118.656 1700 0.10005 1.29942 96.80 17232.10 17.34 90.77433 0.260 0.0012506 0.30 30.28

118.861 1750 0.10305 1.31053 96.96 17769.57 17.88 91.08826 0.259 0.0012881 0.30 30.32

119.584 1800 0.1093 1.3149 97.55 18388.45 18.50 92.19977 0.266 0.0013663 0.30 29.58

119.934 1850 0.11415 1.31849 97.84 18954.55 19.07 92.74026 0.269 0.0014269 0.29 29.20

120.176 1900 0.11745 1.31892 98.04 19506.12 19.63 93.11489 0.269 0.0014681 0.29 29.20

120.948 1950 0.12055 1.31484 98.67 20148.04 20.27 94.31506 0.268 0.0015069 0.29 29.39

122.157 2000 0.12555 1.31653 99.65 20871.22 21.00 96.21004 0.269 0.0015694 0.29 29.23

122.845 2050 0.12785 1.32098 100.21 21513.49 21.65 97.29682 0.266 0.0015981 0.30 29.59

123.796 2100 0.1309 1.32287 100.99 22208.82 22.35 98.80909 0.264 0.0016363 0.30 29.83

124.794 2150 0.13435 1.32164 101.80 22920.90 23.06 100.4086 0.262 0.0016794 0.30 30.00

125.137 2200 0.1377 1.31652 102.08 23518.41 23.67 100.9613 0.262 0.0017213 0.30 30.03

126.028 2250 0.14105 1.30465 102.81 24224.18 24.38 102.4042 0.260 0.0017631 0.30 30.20

126.66 2300 0.14495 1.29646 103.33 24886.67 25.04 103.4338 0.260 0.0018119 0.30 30.19

126.822 2350 0.14985 1.28229 103.46 25460.21 25.62 103.6986 0.263 0.0018731 0.30 29.87

126.69 2400 0.1537 1.27304 103.35 25974.85 26.14 103.4828 0.265 0.0019213 0.30 29.71

126.552 2450 0.15565 1.26984 103.24 26487.11 26.65 103.2575 0.263 0.0019456 0.30 29.92

126.438 2500 0.1596 1.27446 103.15 27003.32 27.17 103.0716 0.264 0.001995 0.30 29.75

126.239 2550 0.1626 1.27876 102.98 27500.04 27.67 102.7474 0.264 0.0020325 0.30 29.74

126.161 2600 0.16805 1.27634 102.92 28021.93 28.20 102.6204 0.268 0.0021006 0.29 29.32

125.847 2650 0.17145 1.28027 102.66 28489.73 28.67 102.1103 0.269 0.0021431 0.29 29.22

124.911 2700 0.17465 1.28371 101.90 28811.38 28.99 100.597 0.271 0.0021831 0.29 29.01

123.927 2750 0.1784 1.2812 101.10 29113.75 29.30 99.01832 0.274 0.00223 0.29 28.69

123.689 2800 0.18005 1.27448 100.90 29586.16 29.77 98.63835 0.272 0.0022506 0.29 28.89

123.389 2850 0.1831 1.26036 100.66 30041.45 30.23 98.16045 0.273 0.0022888 0.29 28.85

122.519 2900 0.1879 1.2531 99.95 30352.96 30.54 96.7811 0.277 0.0023488 0.28 28.40

121.837 2950 0.19255 1.23943 99.39 30704.41 30.90 95.70664 0.280 0.0024069 0.28 28.04

121.709 3000 0.199 1.22735 99.29 31192.02 31.39 95.50565 0.285 0.0024875 0.28 27.56

121.123 3050 0.20605 1.2193 98.81 31559.20 31.76 94.58819 0.292 0.0025756 0.27 26.93

121.124 3100 0.21005 1.20692 98.81 32076.83 32.28 94.58975 0.293 0.0026256 0.27 26.85

120.851 3150 0.21605 1.19274 98.59 32520.73 32.72 94.16384 0.297 0.0027006 0.26 26.47

120.596 3200 0.21795 1.18481 98.38 32967.23 33.17 93.76688 0.296 0.0027244 0.27 26.60

120.84 3250 0.22305 1.17378 98.58 33550.08 33.76 94.1467 0.297 0.0027881 0.26 26.45

121.633 3300 0.2255 1.16118 99.23 34289.80 34.50 95.38641 0.294 0.0028188 0.27 26.74

122.181 3350 0.2285 1.15104 99.67 34966.17 35.19 96.24785 0.292 0.0028563 0.27 26.91

122.933 3400 0.2342 1.14117 100.29 35706.47 35.93 97.43626 0.293 0.0029275 0.27 26.81

123.475 3450 0.23605 1.12669 100.73 36391.31 36.62 98.29733 0.290 0.0029506 0.27 27.11

123.428 3500 0.24195 1.11975 100.69 36904.67 37.14 98.22251 0.293 0.0030244 0.27 26.82

124.205 3550 0.24545 1.10622 101.32 37667.52 37.90 99.46306 0.291 0.0030681 0.27 26.98

124.066 3600 0.25505 1.09697 101.21 38155.30 38.39 99.24056 0.299 0.0031881 0.26 26.30

123.967 3650 0.25755 1.09401 101.13 38654.36 38.90 99.08225 0.298 0.0032194 0.26 26.39

123.815 3700 0.26445 1.09659 101.01 39135.83 39.38 98.83942 0.302 0.0033056 0.26 26.02

123.767 3750 0.2651 1.09808 100.97 39649.31 39.90 98.7628 0.299 0.0033138 0.26 26.30

123.509 3800 0.2693 1.09907 100.76 40094.22 40.35 98.35147 0.300 0.0033663 0.26 26.18

122.672 3850 0.27375 1.10533 100.07 40346.49 40.60 97.02297 0.303 0.0034219 0.26 25.91

122.157 3900 0.2759 1.11704 99.65 40698.88 40.95 96.21004 0.303 0.0034488 0.26 25.94

121.184 3950 0.28285 1.12259 98.86 40892.34 41.15 94.68348 0.309 0.0035356 0.25 25.42

120.004 4000 0.28455 1.12461 97.90 41006.74 41.26 92.84855 0.310 0.0035569 0.25 25.34

118.734 4050 0.2871 1.1222 96.86 41079.93 41.34 90.89372 0.313 0.0035888 0.25 25.16

117.442 4100 0.28895 1.12394 95.81 41134.56 41.39 88.92637 0.314 0.0036119 0.25 25.03

116.5 4150 0.29305 1.12233 95.04 41302.24 41.56 87.50553 0.317 0.0036631 0.25 24.78

115.931 4200 0.2949 1.12179 94.57 41595.70 41.86 86.65285 0.317 0.0036863 0.25 24.80

115.034 4250 0.29715 1.12456 93.84 41765.21 42.03 85.3171 0.318 0.0037144 0.25 24.71

114.391 4300 0.3022 1.12278 93.32 42020.37 42.28 84.36598 0.322 0.0037775 0.24 24.45

114.016 4350 0.30605 1.11943 93.01 42369.62 42.64 83.81375 0.323 0.0038256 0.24 24.34

113.871 4400 0.3092 1.11986 92.89 42802.13 43.07 83.6007 0.323 0.003865 0.24 24.34

113.985 4450 0.3099 1.11873 92.99 43331.85 43.60 83.76818 0.320 0.0038738 0.25 24.58

113.306 4500 0.31445 1.11563 92.43 43557.70 43.83 82.77315 0.323 0.0039306 0.24 24.36

113.074 4550 0.3171 1.10953 92.24 43951.50 44.23 82.43453 0.323 0.0039638 0.24 24.37

112.195 4600 0.3194 1.10569 91.53 44089.06 44.37 81.15788 0.324 0.0039925 0.24 24.27

111.061 4650 0.32055 1.09782 90.60 44117.82 44.39 79.52558 0.325 0.0040069 0.24 24.20

109.973 4700 0.3207 1.09558 89.71 44155.36 44.43 77.97508 0.325 0.0040088 0.24 24.21

108.654 4750 0.32485 1.08827 88.64 44089.88 44.37 76.11585 0.329 0.0040606 0.24 23.86

107.076 4800 0.32455 1.08396 87.35 43906.91 44.18 73.92102 0.331 0.0040569 0.24 23.79

105.24 4850 0.3257 1.08221 85.85 43603.58 43.88 71.40775 0.334 0.0040713 0.24 23.54

103.632 4900 0.3277 1.0846 84.54 43380.00 43.65 69.24229 0.338 0.0040963 0.23 23.28

102.335 4950 0.32845 1.08823 83.48 43274.19 43.55 67.51994 0.339 0.0041056 0.23 23.17

101.106 5000 0.3287 1.08687 82.48 43186.35 43.46 65.90791 0.340 0.0041088 0.23 23.10

99.3149 5050 0.32985 1.0891 81.02 42845.51 43.11 63.59346 0.344 0.0041231 0.23 22.84

97.5815 5100 0.3297 1.09185 79.60 42514.51 42.78 61.39297 0.347 0.0041213 0.23 22.67

95.8486 5150 0.33095 1.09407 78.19 42168.93 42.43 59.23184 0.351 0.0041369 0.22 22.40

94.8033 5200 0.3338 1.09346 77.34 42113.99 42.38 57.94695 0.354 0.0041725 0.22 22.18

93.0976 5250 0.3313 1.08804 75.95 41753.93 42.02 55.88055 0.355 0.0041413 0.22 22.16

91.7886 5300 0.3324 1.08339 74.88 41558.91 41.82 54.32017 0.358 0.004155 0.22 21.98

90.5938 5350 0.3308 1.08007 73.90 41404.91 41.66 52.91522 0.357 0.004135 0.22 22.01

89.6374 5400 0.3388 1.07895 73.12 41350.67 41.61 51.80387 0.366 0.004235 0.21 21.46

88.9256 5450 0.3438 1.07923 72.54 41402.15 41.66 50.9844 0.371 0.0042975 0.21 21.17

88.6474 5500 0.3488 1.08366 72.32 41651.27 41.91 50.66589 0.374 0.00436 0.21 21.00


