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The aim of this experiment is to complete an engine dynamometer test;

“A dynamometer, or "dyno" for short, is a device for measuring force, moment of force (torque), or power. For example, the power produced by an engine, motor or other rotating prime mover can be calculated by simultaneously measuring torque and rotational speed (rpm).” (Lish, 2015)

From this, results will be gathered to enable a comparison of the specific fuel consumption (SFC), torque and corrected power against the engine speed. The data that is collected from the dynamometer test can then also be used to calculate other useful values from an engine. 

From the results of this experiment these graphs should be created:
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Figure 1
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· Dynamometer 
· Weights
· Calibration arm
· Microsoft Excel
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[bookmark: _GoBack]Before beginning the experiment, the following values must be noted;
· Pressure
· Humidity
· Temperature
· Radius of torque arm

These will be useful later on for calculations.

For this experiment an Eddy-Current Dynamometer W Series, a W230 was used. Before the experiment started the system had to calibrated. This is done by installing a “calibration arm” and setting the torque to zero, then add weights onto the arm. Then calculate torque with the following equation;
· 

To complete calibration, the gain is adjusted and the weights are removed.

When this is completed the experiment can begin with a sweep test. A sweep from 1000 rpm to 5050rpm is taken in increments of 50rpm. Smaller increments will give smoother graphs. 

Once the experiment is completed, these data points should be obtained;
· Load (N)
· Engine Speed (rpm)
· Fuel flow rate (l/min)

Using the raw test data, the torque in newton metres (NM) can be calculated using the equation;
· 

Torque can then be used to calculate the brake power in watts (W) in the equation;
· 

Where N is engine speed. With this value power correction can be determined by rearranging the following;
· 



Ta is temperature in Kelvin and Pa is pressure in Bar. This will produce a corrected power value in watts (W). Now specific fuel consumption (SFC) is measured in kilogram per kilowatt hour (kg/kWh), which can be found using;
· 


To calculate the brake mean effective pressure (BMEP), the area of the piston is required. This can be found with the equation;
· 

Finally, BMEP and brake thermal efficiency can be calculated using the equations;
· 
· 

BMEP is measured in pascals (Pa).
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Table 1 and 2
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This graph shows torque in Newton metres (NM) plotted against engine speed in revolutions per minute (rpm). 

“Torque is a measure of the force that can cause an object to rotate about an axis. Just as force is what causes an object to accelerate in linear kinematics, torque is what causes an object to acquire angular acceleration” (Khan Academy, 2020). 

By rotating an output shaft at a certain number of revolutions per minute. The amount of torque made is affected by the RPM used at that given moment. (Auto Trader, 2018)

This graph is what we would expect to see If the graph is compared to a toque curve, as seen below, it becomes apparent that the curve of the data collected is very similar. 
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The torque increases with the engine speed however it then decreases once it reaches its peak; this is due to the decrease in volumetric efficiency which is caused by restricted air flow. This means when the engine is running faster not enough air is getting in which is affecting the fuel to air ratio, so more fuel is being used. Gasoline has the air-fuel ratio of 14:7:1.

“Thermal engines use fuel and oxygen (from air) to produce energy through combustion. To guarantee the combustion process, certain quantities of fuel and air need to be supplied in the combustion chamber. A complete combustion takes place when all the fuel is burned, in the exhaust gas there will be no quantities of unburned fuel. Air-fuel ratio (AF or AFR) is the ratio between the mass of air ma and mass fuel mf, used by the engine when running” (x-engineering, 2020).

This suggests that this specific engine is wasting fuel which will increase emissions.
[bookmark: _Toc29295451]Graph Two 

This graph is corrected power in watts (W) against engine speed in revolutions per minute (rpm). This graph also follows the expected trend which is also shown on the graph above.

Corrected power increases with rpm however it drop off once is reaches its peak power, this is also known as its optimal power, this is caused by a decrease in torque. Corrected power is a more accurate measure for power than brake power because pressure and temperature are included. 

The equation used for corrected power is;
· 


The equation used for brake power is;
· 

Comparing theses two equations using the results from the experiment, we can see that the values are actually quite different;






This is why corrected power is used for the graphs opposed to brake power. Although the values are different the graph for brake power will follow the same trend.
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This graph shows specific fuel consumption (SFC) in kilograms per kilowatt hour (kg/kWh) against engine speed in revolutions per minute (rpm).

“Specific fuel consumption is the amount of fuel consumed by a vehicle for each unit of power output. A vehicle's specific fuel consumption is more or less independent from its nitrogen oxide emissions per kilometre. The specific fuel consumption of an engine is the rate of fuel burnt to produce a unit of thrust. Improvements in fuel efficiency mean that the specific fuel consumption per kilometre driven decreased by more than 30 percent.” (Collins Dictionary 2020)

From this we can assume that the specific fuel consumption is related to the efficiency of the engine. This can be proven by the graph shown below;
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The graph above is the brake thermal efficiency in percent (%) against the engine speed in revolutions per minute (rpm). When this graph is compared to the third graph we can see that there is a relationship between the efficiency and the specific fuel consumption. This graph is a mirror image of the SFC graph which implies that the brake thermal efficiency is affected by the specific fuel consumption.

“Spark ignition (SI) engines usually run on gasoline (petrol) fuel. The AFR of the SI engines varies within the range 12:1 (rich) to 20:1 (lean), depending on the operating condition of the engine (temperature, speed, load, etc.). Modern internal combustion engines operate as much as possible around the stoichiometric AFR (mainly for gas after-treatment reasons)” (x-engineering, 2020).

“The ratio between the actual air-fuel ratio (AFRactual) and the ideal/stoichiometric air-fuel ratio (AFRideal) is called equivalence air-fuel ratio or lambda (λ)” (x-engineering, 2020).


From this dynamometer test we are able to work out that the air-fuel mixture type is lean as λ is more than one. This means that “There is not enough air to burn completely the amount of fuel; after combustion there is unburnt fuel in the exhaust gases” (x-engineering, 2020).
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The conclusion that I can gather from these tests results is that the engine is running pretty well however the air-fuel ratio is lean and therefore the overall brake thermal efficiency has decreased.
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Overall, I think that I performed well during this task. I was able to calculate all of the required values and all of my graphs followed the expected trends.

I feel that my performance could have been improved if I had done some research about the basics of a dynamometer test prior to the actual experiment; this was I would have understood more of the relevant values much easier.

The investigation could be improved by running three dynamometer tests on the same engine and taking an average of the three for more reliable and possibly more accurate results.
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Torque vs Engine Speed
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Corrected Power vs Engine Speed
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SFC vs Engine Speed
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Brake Thermal Efficiency vs Engine Speed
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Associated Question

SFC against Engine Speed

Suggest reasons why the SFC varies as it does with
engine speed.

Torque against Engine Speed

Suggest reasons why Torque varies as it does with
engine speed.

Brake Power against Engine Speed

Suggest reasons why Brake Power varies as it does
with engine speed.





