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1.0 Introduction 
The aims of this investigation are to study the relationship between the speed of the engine and the S.F.C, Torque and Brake power produced. The engine used for this experiment is a Honda D16 Vtech engine. The data will be collected by a series of step and sweep tests performed on the engine and will also allow the state of the engine and its running capabilities to be established. 
[bookmark: _Toc30176763]2.0 Background reading 
Engine Dyno: an eddy current dynamometer was used to test the engine and collect relevant data. This type of dyno works off the principle of “electro-magnetic induction to develop torque and dissipate power”. A toothed high-permeability steel rotor spins with in the case of the dyno passing by water cooled loss plates, a magnetic field produced by coil windings courses change in the magnetic flux within the loss plates. This induces an eddy current in the loss plates and “the dissipation of power in the form of electrical resistive losses”. This is further explained by Plint, M. Martyr, A (1995.pg 105-106).
[bookmark: _Toc30176764]3.0 Experimental procedure    

[bookmark: _Toc30176765]3.1 Mechanical
Before starting the experiment, the engine is attached to the dyno with a 1 to 1 ratio. Before starting the engine all fuel, air and cooling connections must be checked to inshore that they are properly connected so the engine can run without damaging itself or any other equipment (figure 1). [bookmark: _Toc30176754]Figure 1: dyno
Engine imputes  

Once the engine is connected two solid metal arms (A) can be placed on either side of the dyno (both must be connected when used to equal each other out), hang a wait of 20.45 (B) off of one arm to simulate torque on the engine when running (figure 2).
[bookmark: _Toc30176766][bookmark: _Toc30176755]Figure 2: dyno with weight and torque arm attached
A
B

[bookmark: _Toc30176767]3.2 Computer/soft where
The software used to run the dyno was DSG data pro V26xx software, 3 tests where ran on the engine. These are as follows:
1. manual test, this is where the throttle and load of the engine are manually altered to produce a result.
2. Step tests only measures between two chosen RPMs, this kind of test produces more accurate results due to the rest period the load sensor gets to collect data. One down side to this testing method is the build-up of heat experienced by the engine during this rest period.
3. Sweep test allows the engine to be ran between two chosen rpms (1000 – 5500) and take data reading every 50 rpm, this test does not produce as much heat as a step test but due to the speed and the lack of brakes the results read by the load sensor are not as accurate. It is this test which was used to collect the data for this assignment.
[bookmark: _Toc30176768]4.0 Results 
[image: ]
[bookmark: _Toc30176756]Figure 3:top 15 results from experiment
Figure 3 shows the top 15 results from the experiment along with the test condition in which the experiment was carried out under.
[bookmark: _Toc30176769]5.0 Analysis

[bookmark: _Toc30176770]5.1 Formulas 
The following equations where used to help calculate the needed data
Torque 


Brake power



Correct power 


 

Specific fuel consumption 



Piston area 




B.M.E.P



Break thermal efficiency




The calorific value used was found at http: 1. ‘Fuels – higher and lower calorific values’.
The stroke and bore used was found at http: 2. ‘Honda Domani 1997’
[bookmark: _Toc30176771]5.2 Calculation 
calculate the torque simulated on the dyno, use the following equation.
 



Before entering the data, the diameter must be converted from mm to m. The diameter is the length of the metal arm (this can be found on the side of the arm)



Once all data has been converted the equation should look like this 



The torque on the engine is 









[image: ]Figure 4 shows that as speed increase so does the fuel consumption. Between 1000 and 2000 rpm the fuel consumption drops rapidly as the speed increases, this is an anomaly in the results. The cores of this anomaly are a delay between starting the sweep test and the reaching of 1000 rpm, at this stage the engine is pumping fuel and air into the combustion chamber but no power is being used until the test is started and load is placed onto the engine. From 2000 to 3000 rpm the fuel consumption stays consistent as the speed increases. Once 3000 rpm was reached the fuel consumption gradually increased to meet the demand of the engine. This demand is coursed by lack of air flow in to the engine, to rectify this the engine pumps more fuel in to the combustion chamber to inshore ignition is still possible. This is supported by the lambda and thermal efficiency (figure 5).[bookmark: _Toc30176757]Figure 4: S.F.C v Speed
T= Torque
W= Engine load 
R= Radius at which load acts 
BP= Brake power
N= Engine speed 
Ps= Correct Power 
Pa= Ambient pressure 
Ta= Ambient air pressure
S.F.C= Specific Fuel Consumption
V= Volume of fuel being used
t= Time taken for fuel to be used
A= Piston Area 
Π= pie
d= diameter
B.M.E. P= Bake Mean Effective Pressure
L= Engine stroke 
n= number of cylinders
µt= break thermal efficiency 
C.V= Calorific Value
M= mass

[bookmark: _Toc30176758]Figure 5: lambda and Thermal Efficiency v speed

In all 3 graphs (figures 4 and 5) when 3000rpm Is reached, an increase in fuel is seen along with a drop in thermal efficiency and lambda. The drop in lambda shows that less oxygen is present in the exhaust gas meaning more fuel is being introduced into the combustion chamber. The drop in thermal efficiency is also coursed by the cooling effect of more fuel being introduced into the combustion chamber. This demand for fuel is coursed by a restriction in the air intake, this could be due to the air box used. 
[image: ]Figure 6 shows the relation between speed and torque. Once the engine has been bought up to speed the dyno places it under load. Between 1000 and 3000 rpm the engine is trying to overcome this load by producing torque, once the load has been overcome the torque drops allowing the engines speed to increase. The drop shown on figure 6 (between 4000 and 5500 rpm) does not follow the trend of the torque curve. The sudden drop could be due to the lack of air during the combustion process, this is supported by the drop in power between 4500 and 5000 rpm (figure 7). This drop in power could also be due to the improper [image: ][image: ]balance of air to fuel being burnt during combustion.[bookmark: _Toc30176759]Figure 6: Torque v Speed
[bookmark: _Toc30176760]Figure 8: Brake Power v Speed
[bookmark: _Toc30176761]Figure 7:Correct power v Speed

Figure 8 shows that as speed increases so does the brake power. brake power is the time it takes the engine to slow down after reaching its max RPM (5500), as the graph shows as the speed increases so does the time taken to slow down. This is due to the inertia built up by the engine during its running period.
Further results can be seen in appendices A threw G
[bookmark: _Toc30176772]6.0 Discussion 
[bookmark: _Hlk30166387]For an d16 Vtech engine running at 5000 rpm the maximum torque that should be produced is 144.16 Nm. When running tests, the engine used only produced a Torque value of 93.28 Nm. This is a drop in torque of 50.88 Nm. What this shows is the engine being tested for this experiment is not running at its most optimum (http: 2. ‘Honda Domani 1997’).
[bookmark: _Hlk30166477]This drop in torque can also be seen in the output power, at 5500 rpm the engine used should be producing 75840 w of power, the engine being tested is only producing 65223.18w. this is a drop in power of 10616.82 (http: 2. ‘Honda Domani 1997’).
[bookmark: _Toc30176773]7.0 Conclusion 
The S.F.C. results shows us that the engine used is not affectively supplying enough air to the combustion process and due to this is over compensating with fuel usage (running rich), this is supported by figure 4. Figure 4 shows that between 2000 and 3000 rpm the fuel usage is steady, from 3000 to 5500 rpm the fuel usage gradually increases. This increase in fuel usage is due to the lack of air in the combustion chamber, this is supported by the lambda and thermal efficiency readings (figure 5). When looking at lambda, once an rpm of 3000 is reached the lambda value drops, this shows a drop in oxygen in the exhaust gas. What this means is the engine is chucking more fuel in to the combustion chamber to keep up with combustion due to the lack of air. This is also supported by the thermal efficiency of the engine, once and rpm of 3000 is reached the thermal efficiency drops, this is due to the cooling effect of introducing more fuel in to the combustion chamber. 
The torque produced by the engine shows a slow increase to overcome load placed on the engine, once this load had been overcome the torque drops off as speed increases. The curve follows this pattern but once 4000 rpm is reached the curve drops quicker than expected, this could be due to the lack of air during combustion meaning the engine was losing power along with torque. This is supported by figure 7 which shows a power drop between 4500 and 5000rpm. This drop in torque and power can also be shown when comparing are engine data to that produced by the factory. The model of engine used for this experiment when running at 5000 rpm should be producing 144.16 Nm of torque. When running tests, the engine used only produced a Torque value of 93.28 Nm. This is a drop in torque of 50.88 Nm. This drop can also be seen in power, at 5500 rpm the model of engine used should be producing 75840w of power. the engine being tested is only producing 65223.18w of power, this is a drop in power of 10616.82.
What this data shows is that the engine being tested is not running at its most efficient and due to this is losing torque and power. This is due to the pore fuel mixture being burnt during combustion, all this is supported by the data above. 
[bookmark: _Toc30176774]8.0 Evaluation 
When carrying out the sweep and step test the engine must first be running at 1000rpm. once the engine is up to RPM the test is ran, any delay between the RPM being reached and the start of the test will cause fault with the results produced (this can be seen in figure 4 between 1000 and 1500 rpm). This fault would be caused by human error.
The wait used to simulate torque on the engine over time may have been dropped and dented, due to this the mass used to calculate the torque placed onto the engine may be incorrect.
[bookmark: _Toc30176775]9.0 Further work 
To improve this experiment the use of multiple engines of the same model would give the best result, by collecting multiple sets of data from different engines a mean can be produced allowing a better comparison to be made. 
The use of a different air intake system would also benefit the results produced, this would improve the experiment due to suffocation of the engine can affect the S.F.C, lambda, temperature, torque and power results produced.
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image5.emf
Baro Humidity Ambient temp

mBar % Deg C

1005.88 50.34 20

Load Dyno Speed Fuel Flow Rate Lambda

Newtons rpm l/min Lambda

113.163 1000 0.0704 1.30942

113.194 1050 0.0724 1.30366

113.438 1100 0.0737 1.29294

113.886 1150 0.0728 1.27711

114.452 1200 0.0744 1.26074

115.239 1250 0.07895 1.24451

115.95 1300 0.079 1.22724

117.041 1350 0.0796 1.20757

118.463 1400 0.0835 1.1931

120.017 1450 0.0847 1.18486

121.238 1500 0.08865 1.17942

122.464 1550 0.0932 1.17953

123.357 1600 0.0959 1.1852

124.154 1650 0.09875 1.19185

124.602 1700 0.10005 1.19885
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Dyno Speed S.F.C
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Dyno Speed correct power 
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Dyno Speed Lambda
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Dyno Speed brake power 

rpm W
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Dyno Speed Thermal Efficiency 
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Baro Humidity Ambient temp

mBar % Deg C

1.00588 50.34 293

what we where asked to calculate  

what we where given 

what we have to finde 

Load Dyno Speed Radius Radius Torque Fuel Flow Rate Fule Flow Rate  Fuel Flow Rate  S.F.C Lambda brake power  correct power  Pistone Area b.m.e.p power strokes number of cylinders  Stroke  Bore gravity of fuel  Thermal Efficiency  calorific value of fuel  extra calculations 

N rpm mm m N l/min Kg/min Kg/hour Kg/kWh Lambda W w mm Pa NA NA M M NA Kg/sec G/KG units 

113.163 1000 815.776 0.815776 92.31565949 0.0704 0.0528 3.168 0.327703574 1.30942 9667.273255 13534.7064 0.004417865 145881.536 2 4 0.9 0.075 0.75 23.675728 46400

113.194 1050 815.776 0.815776 92.34094854 0.0724 0.0543 3.258 0.320877179 1.30366 10153.41759 14215.33482 0.004417865 145921.4989 2 4 0.9 0.075 0.75 24.1794094 46400

113.438 1100 815.776 0.815776 92.53999789 0.0737 0.055275 3.3165 0.311120919 1.29294 10659.84251 14924.35714 0.004417865 146236.046 2 4 0.9 0.075 0.75 24.93763746 46400

113.886 1150 815.776 0.815776 92.90546554 0.0728 0.0546 3.276 0.292803437 1.27711 11188.39324 15664.3568 0.004417865 146813.5752 2 4 0.9 0.075 0.75 26.4977104 46400

114.452 1200 815.776 0.815776 93.36719475 0.0744 0.0558 3.348 0.285352233 1.26074 11732.86772 16426.65058 0.004417865 147543.2213 2 4 0.9 0.075 0.75 27.18962673 46400

115.239 1250 815.776 0.815776 94.00921046 0.07895 0.0592125 3.55275 0.288705869 1.24451 12305.77687 17228.75444 0.004417865 148557.7647 2 4 0.9 0.075 0.75 26.87378933 46400

115.95 1300 815.776 0.815776 94.5892272 0.079 0.05925 3.555 0.276074286 1.22724 12876.96892 18028.45425 0.004417865 149474.3343 2 4 0.9 0.075 0.75 28.10338045 46400

117.041 1350 815.776 0.815776 95.47923882 0.0796 0.0597 3.582 0.26537148 1.20757 13498.05939 18898.01456 0.004417865 150880.7724 2 4 0.9 0.075 0.75 29.23682937 46400

118.463 1400 815.776 0.815776 96.63927229 0.0835 0.062625 3.7575 0.265209261 1.1931 14168.0573 19836.04794 0.004417865 152713.9118 2 4 0.9 0.075 0.75 29.25471258 46400

120.017 1450 815.776 0.815776 97.90698819 0.0847 0.063525 3.8115 0.256380868 1.18486 14866.55395 20813.9811 0.004417865 154717.2159 2 4 0.9 0.075 0.75 30.26208922 46400

121.238 1500 815.776 0.815776 98.90305069 0.08865 0.0664875 3.98925 0.256780292 1.17942 15535.65487 21750.75865 0.004417865 156291.2406 2 4 0.9 0.075 0.75 30.21501619 46400

122.464 1550 815.776 0.815776 99.90319206 0.0932 0.0699 4.194 0.258635863 1.17953 16215.8486 22703.06673 0.004417865 157871.7109 2 4 0.9 0.075 0.75 29.99823998 46400

123.357 1600 815.776 0.815776 100.63168 0.0959 0.071925 4.3155 0.255945676 1.1852 16860.99982 23606.3134 0.004417865 159022.9018 2 4 0.9 0.075 0.75 30.31354468 46400


