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Abbreviations 
The following abbreviations are used in this report: 

Specific Fuel Consumption    SFC 

Revolutions Per Minute    RPM 

Brake Mean Effective Pressure    BMEP 

Spark Ignition      SI  

Compression Ignition     CI 

Variable Compression Ratio    VCR 
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1 Introduction 
The purpose of this assignment is to understand the characteristics of an engine. This will be 
accomplished through the use of an Eddie Current Dynamometer. From this dynamometer, data 
will be collected and further data calculated. The 3 main aims of the test is to analyse Specific 
Fuel Consumption (SFC) against Engine Speed, Torque against Engine Speed and Brake Power 
against Engine Speed. This should give a fundamental understanding of the basic 
characteristics of engine performance. This is an important area of study because to effectively 
tune and design engines that will be competitive in motorsports and efficient and reliable 
enough for the automotive industry, the engineer must understand areas of weakness and 
therefore what areas should be improved.  
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2 Research 
Due to a push from Governments and Environmental activists, there is a need to develop and 
produce more efficient and sustainable fuel alternatives (Zhou et al., 2016). Increased energy 
efficient vehicles and alternate fuel sources reduce the concern for importing gasoline which 
many countries have faced difficulties with (Ross, 1994), providing better security and 
assurance for manufacturers. In endurance racing this is already a desired route of 
development. Fuels that release the most energy through heat when ignited have a higher 
calorific value, improving engine performance (Wan Ghazali et al., 2015). During combustion 
the heat produced from igniting the fuel and air mixture is what generates the pressure that 
forces the piston down the cylinder. Therefore, a fuel with a higher calorific value will produce 
higher BMEP values, giving an overall improvement in engine performance without modifying the 
engine. A 12% increase in thermal efficiency and a 11% reduction in SFC was gained through 
adding ferrofluid nanoadditives to diesel (Shaafi et al., 2015), showing another way fuel can 
improve performance.  
Variable Compression Ratio (VCR) engines are able to produce much higher power than 
conventional engines; In other words, VCR engines run a smaller capacity at the same power 
output reducing SFC, friction and heat losses (Shaik et al., 2007). These VCR engines could 
prove to be a solution to some of the areas of the engine that may need improvement. Diesel 
engines produce more torque than petrol engines because of that very fact that they have higher 
compression ratios. Petrol engines can operate at higher RPM producing higher amounts of 
power without pinking because they have much lower compression ratios. CI engines generally 
have a higher BMEP with a maximum of 18 bar due to the higher compression ratio, whereas 
petrol engines have a much lower Maximum BMEP around 12 bar (Shaik et al., 2007). Utilising 
the advantages of both types of engines would improve the overall performance of the engine 
and improve reduce SFC. A downsized engine reduces the fuel consumption while improving 
the engines performance specifically torque and acceleration (Chiara and Canova, 2013). Most 
engines are designed with a compromise in order to meet regulatory requirements while still 
having a good overall performance, however VCR engines can be designed without this 
compromise providing lower emissions, reduced fuel consumption and while still gaining better 
performance than a standard engine.  
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3 Methodology 

3.1 The Dynamometer 
In order to analyse how engines work, there needed to be a way of gathering the relevant data 
needed. This was completed using an Eddie Current Dynamometer (“WorkShop Manual - 
HONDA Civic - Chassis Maintenance And Repair,” n.d.). The engine is connected to the 
dynamometer via a driveshaft. That driveshaft is bolted directly to the crankshaft and 
dynamometer giving the same RPM for each component. This is useful because on a Chassis 
dynamometer there will be some discrepancy between the actual engine power and the 
recorded power, due to the drivetrain.  

The engines fuel is fed from a supply board mounted on the wall. The supply board is fed from a 
fuel tank located in a locked safe, a lift pump pumps the fuel through a fuel flow metre to a swirl 
chamber. The main pump receives fuel from the swirl chamber and pumps it through a regulator 
to the engine. This allows for direct and indirect injection engines to be ran on the dynamometer. 
(Fall, 2020a) 

An exhaust extraction system is set up to take away hazardous chemicals and emissions and 
direct them outside the building away from people. The engine doesn’t have a silencer on the 
exhaust but there is one built into the extraction system.  

Sensor recorder modules send the data from the engine sensors to the computer. These 
sensors record everything that would usually be recorded on an engine. The dynamometer used 
to gather the data uses a strain gauge sensor connected to the outer casing which converts 
mechanical strain to an electronic signal between zero and ten volts which is sent to the 
computer. To calculate the voltage to load ratio there is two pivot arms connected to the outer 
casing, one on either side to balance out. These pivot arms can be loaded with mass which will 
exert a load on the strain gauge. This strain gauge then sends a voltage which can be recorded. 
This is repeated with different amounts of mass until a picture has been built up showing what 
each voltage means.  

3.2 Testing Methods 
There are several testing methods, most notably the stop test and the sweep test. They work in 
pretty much the same way however the stop remains at each interval of RPM for a set time 
specified for recording the data, whereas the sweep test records the data at each point 
specified but does not pause at the RPM. There is a clear audible difference between the two 
tests. The sweep test sounds like a long continuous drone that changes in pitch as the RPM 
increases. The Stop test is more of an interrupted rhythm, as the engine pauses when increasing 
in rpm. Both tests however return to idle in the same way. The length of time to return to idle can 
be set before the test along with the interval of RPM for measurement. (Fall, 2020b) 

The engine dynamometer can be manually adjusted by two gauges which provide control over 
the Engine Speed (RPM) and the Load measured in newtons.  

From this test the dynamometer will have recorded the Load at the matching Engine Speed. The 
fuel flow rate is also recorded from the sensors on the engine, with this data the Torque, Brake 
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Power, Corrected Power, Specific Fuel Consumption (SFC), Brake Mean Effective Pressure 
(BMEP) and the Overall Thermal Efficiency can be calculated. This is then used to analyse the 
characteristics of the engine.  
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4 Results 
As mentioned in the previous section the raw data recorded from the dynamometer provided 
the values for Load measured in newtons, Engine Speed measured in RPM and fuel flow rate 
measured in litres per minutes. These values were recorded between 1000 and 5500 RPM being 
measured at 50 RPM intervals.  

4.1 Equations 
The calculated data was worked out using excel. This software enables the user to calculate the 
desired data at a single point of Engine speed and then the software applies the equation used 
to calculate the data for the rest of the data range allowing for graphs to be plotted. All the data 
used in the examples shown below were calculated using the values recorded at 1000 RPM. 

4.1.1 Torque 
Torque is work done or turning effort, it can be calculated by multiplying the Load (Force) by 
Distance (length of the pivot arm: 

𝑇𝑜𝑟𝑞𝑢𝑒 = 102.275 ∗ 0.815776  

Equation 1 - Torque 

Providing a value of 83.433𝑁𝑚 for Torque. 

4.1.2 Brake Power 
The Power or Brake Power is the rate at which the engine can do the work provided by the torque 
(work done / time) and can be calculated by the following equation: 

2𝜋 ∗ 𝑅𝑃𝑀 ∗ 𝑇𝑜𝑟𝑞𝑢𝑒

60
  

Equation 2 - Power 

This is then divided by 1000 to get the units into kilowatts. 

∴
2 ∗ 𝜋 ∗ 1000 ∗ 83.433

60 ∗ 1000
 

Providing a value of 8.737𝐾𝑊 for Brake Power. 

4.1.3 Corrected Power 
Due to the change in pressure depending on atmospheric conditions like temperature or air 
pressure the engine performance change in accordance to the changing conditions. Therefore, 
the engine performance can be corrected to remove these changing variables.  

The formula for Corrected Power is: 

1013

1018.9
∗ √

300

293
∗ 8.737 
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Equation 3 - Corrected Power 

This provides a value of 8.790KW for the Corrected Power. 

4.1.4 Specific Fuel Consumption (SFC) 
The SFC is indicates how efficiently the engine is able to convert the fuel into power, measured 
in 𝑔/KW.h and can be calculated by: 

𝐹𝑢𝑒𝑙 𝐹𝑙𝑜𝑤 𝑅𝑎𝑡𝑒 (𝑙/min) ∗ 0.75 ∗ 60

𝐵𝑟𝑎𝑘𝑒 𝑃𝑜𝑤𝑒𝑟 ∗ 1000
 

Equation 4 - SFC 

Therefore: 

0.0704 ∗ 0.75 ∗ 60

8.737 ∗ 1000
 

Giving a value of 362.590 𝑔/KW.h  

4.1.5 Brake Mean Effective Pressure (BMEP) 
The BMEP is a value of the average pressure generated from combustion that forces the piston 
down during the power stroke. It is measured in Kpa. 

𝑇𝑜𝑟𝑞𝑢𝑒 ∗ 𝑁 ∗ 𝐶𝐶

1000
 

Equation 5 - BMEP 

 Where N is the number of cylinders and CC is the cubic capacity measured in metres 
(“WorkShop Manual - HONDA Civic - Chassis Maintenance And Repair,” n.d.): 

83.433 ∗ 4 ∗ 𝜋

0.00159
/1000 

Giving a value of 659.406𝐾𝑝𝑎  
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5 Analysis 

 

Figure 1 - Raw Data Calculated in Excel 

5.1 Graphs 

5.1.1 SFC vs Engine Speed 

 

Figure 2 - Graph Showing SFC vs Engine Speed 
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5.1.2 Torque vs Engine Speed 

 

Figure 3 - Torque vs Engine Speed 

5.1.3 Power vs Engine Speed 

 

Figure 4 - Power vs Engine Speed 
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5.1.4 Thermal Efficiency vs Engine Speed 

 

Figure 5 - Thermal Efficiency vs Engine Speed 

5.1.5 Power vs Torque 

 

Figure 6 - Graph Showing Power vs Torque 
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5.1.6 SFC vs Power 

 

Figure 7 - SFC vs Power 
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slowly increases as the RPM climbs from 2500 – 4000. Assuming that the intake of air increases 
with RPM and that the volume of fuel increases equivalent to the volume of air (Tamilarasan et 
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a reduction in overall volumetric efficiency at high RPM due to friction losses. So, although there 
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efficiently at high RPM the thermal efficiency reduces meaning there is a loss in how much of 
the chemical energy of the fuel can be converted into kinetic energy. This means that there is 
less KW produced and more sound and thermal energy produced, which is why engines are 
louder at higher RPM.  
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6 Conclusions 
From this study it is clear that at in this SI engine at high RPM the engines torque and thermal 
efficiency drops off. This is an area of performance that development like the variable 
compression ratio (VCR) could help improve. A reduced compression ratio (CR) at high RPM 
could mean that the effect of the poor volumetric efficiency and friction losses would have less 
of an impact on the torque and thermal efficiency therefore it could improve the power output 
past the peak power. An increased CR at low RPM would provide the benefits that diesel engines 
contain giving an increased initial torque. The vehicles acceleration may also be improved by an 
improvement of torque at low RPM.  Further investigation should be conducted to validate the 
effectiveness of this emerging technology.   

The use of nanoadditives in fuels should also be investigated to determine whether it would be 
beneficial to use them. The SFC at high RPM increases dramatically, this may be prevented by 
using VCR engines, however nanoadditives could improve the flow of the fuel and air mixture 
into the combustion chamber providing another route of development that may help the engine 
breath more efficiently.  

In conclusion, the biggest issue that engines face preventing improved SFC, Torque and power is 
the engine’s ability to breath. The more efficiently the engine can draw in air and expel exhaust 
gasses the better the overall performance of the engine will be improving Torque and Power at 
either end of the engines RPM 
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7 Evaluation 
The dynamometer was broken during the time of this experiment; therefore, I cannot evaluate 
how I performed during this experiment. I improve my performance next time by completing the 
task set during the brief. This study could be improved by comparing the results of the engine 
tested with results of a modified engine that has been developed in the areas previously 
mentioned in this report. 
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