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1. Introduction 
The purpose of this assignment is to understand how an engine dynamometer functions and 
what data can be produced when running an engine at different Rpms and loads. The engine 
dynamometer is ‘a means of measuring torque, force and power from a rotating shaft (Killedar, 
2012)’. For this assignment an experiment will be undergone to collect numerical data, using the 
data collected other figures can be calculated to find out the overall Specific Fuel Consumption 
(SFC) and the Thermal Efficiency of the engine, this will show how much fuel is consumed per 
Kilogram per Kilowatt hours and how efficient the engine is and how much power is lost due to 
heat. Additionally, graphs will be plotted to show the relationship between the Torque, Brake 
power and the SFC against the engine speed to determine what occurs at different Rpm’s and 
why variations can arise.  

Furthermore, there will be an analysis of the performance of the task carried out and how 
changes could have been made to personal performance and how the overall investigation 
could have been improved.  
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2. Methodology and Equipment 
To conduct this experiment the Sweep test was used, using the P-curve system within the 
dynamometer. This allowed increments of 50 rpm to be measured as the engine was revved, 
using the sensors built into the dynamometer to ‘feed data back into the engine management 
system, also enabling precise control (Zuccato, 2006)’ this precise control can either be 
conducted manually through the dials or parameters set within the management system. For 
this experiment parameters were set with the boundaries of rpm reading the max at 5500rpm 
and the timed and logged intervals. Although, using this system meant the sensors would have 
to keep up with the engine this meant that the ‘engine wouldn’t overheat and cause 
overburdening strain onto the dynamometer (Fall, 2021)’.  

The data fed back consisted of the Rpm of the engine showing the intervals of 50 from 1000rpm 
to 5500rpm, while showing the increasing load applied by the Calibration arms. With the 
exterior systems in place the Lambda values were recorded through the Lambda sensor that 
was plugged into the engine and the fuel flow rate was retrieved by the flow sensors.   

 

 

This figure shows the engine 
dynamometer that is attached to 
the 1.6L engine. The 
dynamometer consists of an 
inner and outer casing, the inner 
casing rotates freely with the 
rotating shaft while the outer 
casing holds ‘electromagnetic 
current that can be used to resist 
the motion of the rotating shaft to 
try and halt the engine as if it 
were a brake (Fall, 2021)’.  

 

 

 

The white box in the figure above is the throttle actuator box which supplies the engine 
management system with recorded readings of the throttle position throughout the system. 
‘When the actuator is closed this causes the engine to run at idle as if it were an accelerator 
pedal in a car (2CarPros, 2022)’ This is more precisely done through the usage of a dial which 
can be found in the control room.   

Figure 2-1 Photograph of Engine Dynamometer (F. Flye, 2025) 
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This figure contains the rig that the 
engine is self-contained on, having 
the basic functions and main 
functions ultimately implemented 
through the sensor modules, which 
are then controlled by the 
management system in the control 
room.  

 

 

 

 

 

 

 

  Within this figure is the Calibration arm 
that is used to control the load on the 
outer casing of the dynamometer causing 
the resistance against the direction the 
engine is rotating. When the load is 
changed the torque changes as well due 
to the increase in electromagnetic 
current in the casing.  

The length shown on the Calibration Arm 
shows the ‘distance between the pivot in 
the centre of the dynamometer to the 
hook eye (Fall, 2021)’. The hook eye is the 
location where the masses are hung 
from.   

Figure 2-2 Photograph of the self-containing engine rig (F. Flye, 2025) 

Figure 2-3 Photograph of Calibration arm (F. Flye, 2025) 
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Figure 2-4 shows the system that 
was used to observe the torque 
and speed of both the Engine and 
Dynamometer, this was useful in 
the understanding of how the 
controls of the dynamometer 
effect the torque and how the 
increase effects the rpm of the 
engine. This screen also displays 
the value of torque being used 
manually with the dial in the 
control room as shown with the 
larger gauge, this helps keep a 
readily control over how much 
torque is fed into the 
dynamometer. 

 

 

This figure shows the system that 
displays the real time graph that is 
collected when the dynamometer 
is manually operated where torque 
is from 0 to 200Nm and Throttle is 
between 0 and 100% direct. This 
graph also conveys the values of 
Lambda and the rate at which the 
fuel is flowing. Using manual mode 
will allow for targeted Rpm and 
loads to find exact values. However, 
this system will also allow for the 
sweep test to be conducted, 
allowing for more accurate and 
quicker results.    

Figure 2-4 Photograph of the Dynamometer/ Engine speed and torque (F. Flye, 
2025) 

Figure 2-5 Photograph of the Dynamometer testing system (F. Flye, 2021) 
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3.  Dynamometer Data 

  

Figure 3-1 Calculated Data up until 2900rpm (F. Flye, 2025) 

Figure 3-2 Calculated Data up until 5050rpm (F. Flye, 2025) 
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The method used to calculate torque comes from the ‘handout master Pt.1 (Summerfield, 
2019)’ using the formula 𝑇 = 𝑊. 𝑅            

W being the load and R being the radius (the length of the calibration arm) 

To calculate the Specific fuel consumption the equation 𝑆𝐹𝐶 =
𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑𝑃𝑜𝑤𝑒𝑟

𝑀𝑎𝑠𝑠 𝑜𝑓 𝑓𝑢𝑒𝑙 𝑝𝑒𝑟 ℎ𝑜𝑢𝑟
  was used 

which is a deviation of the equation found in the ‘handout master Pt.1 (Summerfield, 2019)’ 

 

 

 

 

 

 

 

 

 

 

 

 Figure 3-3 Calculated data up to Maximum rpm of 5500 (F. Flye, 2025) 

Figure 3-3 Data given and Collected conversions (F. Flye, 2025) 
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To calculate the Swept volume of a cylinder the equation 𝜋. 𝑟2. 𝑙 was used to then calculate the 
Engine capacity using the value recorded times the number of cylinders. 

Cc = 𝑠𝑤𝑒𝑝𝑡 𝑣𝑜𝑙𝑢𝑚𝑒 . 4 

This equation derives from the one stated in the ‘handout master Pt.1 (Summerfield, 2019)’  

Figure 3-5 Data given and collected from the engine specifications and 
Calculated (F. Flye, 2025) 
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4. Graphical Data 

4.1. Why does SFC vary with Engine Speed? 
 

 

 

 

 

 

 

 

 

 

There are many reasons why the specific fuel consumption varies within the rpm of the engine 
as a ‘higher speed and load will increase the fuel mass flow rate (Stark, 2017)’, thus increasing 
the specific fuel consumption as shown in the figure above. Where the Consumption falls is 
where engine is becoming more optimal up until a certain speed, thus the SFC reduces before 
its gradual increase as more elements come into effect as at higher speeds the engine is prone 
to mechanical losses, ‘through friction in the pistons and crankshaft (X-Engineer, 2025)’. 
Alternatively, the SFC could be affected by the way the throttle is used as at low speeds the 
throttle operates partially meaning more fuel is consumed as a result of the inefficiency.  

 

 

 

 

Figure 4-1 Smoothed SFC against Engine Speed (F. Flye, 2025) 
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4.2. Why does Torque vary with Engine Speed? 

 

Figure 4-2 Torque against Engine Speed (F. Flye, 2025) 

 

Figure 4-2 shows how torque is affected by the engine speed, typically in petrol engines there 
will be a peak torque where the engine has reached its maximum efficiency and as shown in the 
graph above the peak is around 2400rpm and ‘any speed after this the torque decreases due to 
an increase in friction within the moving parts (CarBikeTech, 2015)’. The peak being at a 
relatively low rpm is due to the fact that the engine can generate more force to propel itself than 
at higher speeds. Furthermore, this could be due to ‘exhaust back pressure as it will reduce the 
volume of fresh air in the engine thus decreasing volumetric efficiency (Sivaram, Rajavel, 
Vinothkumar, 2017)’, which in turn reduces torque as the engines ability to combust air mixtures 
will reduce.  
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4.3. Why does Brake Power vary with Engine Speed? 

 

Figure 4-3 Graph of Brake Power against Engine Speed (F. Flye, 2025) 

The figure above shows the relationship between Brake Power and Engine Speed, brake power 
also has correlation to the value of torque as shown in the equation ‘ 𝐵𝐻𝑃 = 𝑇𝑜𝑟𝑞𝑢𝑒 𝑥 𝑅𝑝𝑚/

5252 (Sherman,2016)’ so as torque increase the brake power increases, however also being 
determined by the rpm so although torque is large the rpm is small so the overall brake power is 
low. This relays back to the fact that torque reaches a maximum and the ‘overall performance of 
the engine decreases causing the drop in brake power at the higher rpms (BMW, 2025)’ This 
could be the reason why the power reduces towards the maximum rpm. Another factor that the 
brake power deviates is the ‘frictional power becomes more significant as the engine speed 
increases (University of Idaho, 2020)’ 
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5. Conclusion  
To conclude the overall thermal efficiency of the engine was relatively low at a peak of 31.17%, 
why the value is so low could be due to a number of factors including that of ‘mechanical 
friction and heat losses (Thermal engineering, 2019)’,  the reason for heat losses will always 
‘primarily lost to the atmosphere through the exhaust (Lafayette,2014)’, however there could be 
combustion problems and engine cooling systems problems within the engine as itself and 
some parts are relatively old.  

 Furthermore, the engine didn’t produce a lot of power this could be due to the fact of higher 
torque so the engine can’t generate high enough force for the toque input. Thus, reducing the 
overall performance of the engine as well.  
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6. Evaluation 
Unfortunately, this experiment couldn’t be carried out properly as the engine dynamometer 
wasn’t working. If this had been done when the dynamometer was functional, other precautions 
would’ve been made individually, ensuring that all the sensors were plugged in, and all 
extractions were in place. Furthermore, I would have asked for a detailed tutorial of how the 
dynamometer is used and all of its functions so that I could confidently understand the 
fundamentals and use it ensuring that all of the data was accurate.  

Finally, if the chance had arisen, I would have used the manual settings on the system to further 
check over my work to ensure that there are no obscurities within the collected data. As this 
would allow me to have full control over how much throttle and torque are implemented into the 
dynamometer, thus allowing my final calculations to be as close as possible to the engine 
results itself.  
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