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1. [bookmark: _Toc99958408]Introduction
Engine dynamometers have many uses in the automotive industry. They are used to measure the torque output of an engine over a set RPM range, which can then be used to calculate the power that the engine produces. As stated by Boverie et al. (2002), when a new engine is being developed and/or updated, an engine dynamometer (dyno) becomes very useful to identify and troubleshoot problems. This is because the dyno can be used to run the engine across its entire RPM range to accurately gather data on how the engine is performing. This data can then be used to calibrate the ECU to alter the engine’s performance if there are any problems with it. For example, to adjust fuel maps to flatten out torque curves.
Using engine dynos also provide other benefits such as testing engine durability, being able to recognise problems without risk of breakdowns, to provide a break-in period of a new engine and to provide data to tune an engine for race use (Powertestdyno, 2022).
This report will explain data obtained from a dynamometer and why the results (such as SFC, torque and power) change as both engine speed and load are increased.





	


2. [bookmark: _Toc99958409]Analysis
As engine load and speed is increased, many different characteristics of an engine change, such as the engine’s torque and power output, its specific fuel consumption (SFC) and its thermal efficiency.
[bookmark: _Toc99958410]      3.1 – Torque and Power vs RPMFigure 1 - Graph of Torque and Power as RPM Increases at Full Load
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Figure 1 shows that as the engine’s RPM is increased, it causes the torque and therefore the power that the engine produces to increase, as power is a function of torque and RPM. This is until the engine reaches a peak torque output 202.40Nm at 3000RPM, as the torque then begins to steadily decrease. The power that the engine produces however continues to rise until a peak power output of 92,064W is produced at 6000RPM.
Domingues et al. (2016) state that the volumetric efficiency (VE) of an engine is a ratio of how much fresh charge is inducted by the intake stroke of an engine to the volume of air that is displaced by the piston. As the engine speed increases, the engine is able to take in a much greater volume of air than at lower speeds, which in turn means more fuel can be burnt, leading to greater in cylinder pressure and therefore more torque. However, above a certain range the VE of an engine begins to decrease. This is because above a certain RPM (due to intake valve and cylinder head design), the air flow experiences more friction due to it’s higher velocity, meaning that not as much air is able to make it into the combustion chamber, therefore leading to reduced torque (Domingues et al., 2016). As engine RPM increases, the engine temperature also begins to rise, causing the air drawn into the engine to heat up and therefore become less dense, meaning that there is less mass of air for a set volume of air drawn in (Noble, 2022).
Engine power continues to rise as torque begins to fall as the increase of RPM is enough to counteract and overcome the decrease in torque. This is until 6000RPM when there is a sharp drop in engine torque, causing the power to also begin to decrease.

2.2 [bookmark: _Toc99958411][image: Chart, histogram

Description automatically generated]– Specific Fuel ConsumptionFigure 2 - Specific Fuel Consumption Heat Map at Varying Load and RPM



Heywood (1988) states that the specific fuel consumption is a measure of engine efficiency. It is a parameter that shows how effective an engine is at converting a specific amount of fuel into useful energy to rotate the crankshaft (power). This is much more useful than just having the fuel consumption of an engine, as this does not consider the power output of the engine. 

Figure 2 shows that for the specific engine used for this report, the best specific fuel consumption (SFC) is experienced between 30-60% load and between 1750-4500RPm, with the lowest (best) specific fuel consumption occurring at 2250RPM and 40% load, whilst the worst SFC occurs at 6500RPM at 2% load. Whilst the SFC is the lowest at these RPM’s and loads, the general trend is that when there is very low load on the engine, the SFC is significantly higher. This is due to the fact that when the throttle is closed, meaning there is no load on the engine, the efficiency of the engine is notably worse. This is because the engine has a very low supply of air so it is therefore unable to fully burn all of the fuel in the combustion chamber, causing unburnt fuel to be expelled through the exhaust valve rather than being able to convert it’s stored chemical energy into kinetic energy. This get significantly worse at higher engine speeds as fuel is injected into the engine at a higher rate, causing more fuel to be wasted.
Edgar (2012) also states that SFC is also extremely high at low RPM’s is because as there is an increased amount of time between combustion in each piston, there is more time for heat energy to be absorbed by the cylinder walls and therefore not be used to produce power. However, when the engine RPM is too high the SFC will also decrease, as the friction the pistons experience is drastically increased and therefore some of the force (power) that the piston experiences is used to overcome these frictional forces, rather than being used to rotate the crankshaft.
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Description automatically generated with medium confidence]Figure 3 - SFC at Varying Load and RPM with Different Fuels (Ambarita, 2017)

As shown in Figure 3, the data obtained by Ambarita (2017) validifies and backs up the results of this report, as they found that at lower speeds, as engine speed is increased the SFC across all different fuel types decreases.


2.3 [bookmark: _Toc99958412][image: Chart, line chart

Description automatically generated]– Thermal Efficiency and BMEPFigure 4 - Thermal Efficiency and BMEP at Full Load against RPM


Brake mean effective pressure (BMEP) is another measure of an engine’s ability to do work, similar to torque. However, torque is greatly affected by engine displacement size. This is whilst BMEP is a more relative way to measure an engine’s performance disregarding displacement size, using units of force per unit area or in other words, pressure (Heywood,1988).
Figure 4 shows that at the peak brake mean effective pressure is at 3000RPM, measuring 1903000pa (to 4 significant figures). Heywood(1988) states that typical maximum BMEP values for spark-ignited naturally aspirated engines is in the range of 850-1050kPa, whilst turbo spark-ignited engines have a typical maximum BMEP of 1250-1700kPa, so the BMEP of the engine in this investigation is within range of these values, helping validate the results. It makes sense that the maximum BMEP and torque are both experienced at the same engine speed, as when the most force is exerted on the piston it will increase the torque output of the engine.
The BMEP also begins to decrease as the engine speed increases past 3000RPM for the same reasons as mentioned before, the increase of friction and decreased density of the air leads to less force acting on the piston crown.
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Description automatically generated]Figure 5 & Table 1 show that the BMEP and the peak torque of an engine occur at the same engine speed, helping to validify the results of this report (Aliramezani, Koch, Norouzi, 2021).Table 1 - Engine Details (Aliramezani, Koch, Norouzi, 2021)
Figure 5 - BMEP and NOx Concentration Against RPM (Aliramezani, Koch, Norouzi, 2021)

2.4 [bookmark: _Toc99958413][image: Chart, surface chart

Description automatically generated]– Pressures During Operating Strokes of an EngineFigure 6 - 3D Graph of In Cylinder Pressure at Varying Crank Angle and Engine Speed


Figure 6 shows that as engine speed is increased, the general trend is that the pressure experienced in the combustion chamber also increases.
During the first 180o of crank rotation is the intake stroke. As the piston moves down the cylinder, negative pressure is created allowing atmospheric pressure air to be drawn into the cylinder through the open intake valve. This is why there is a slight drop in pressure during this phase (PerformanceTrends, 2022).
 Between 180o and 360o, the intake valve closes and the piston begins to move back up the cylinder, compressing the trapped air and fuel mixture (PerformanceTrends,2022). This increased pressure causes the air fuel mixture to increase in temperature.
As the piston begins to reach TDC, the spark plug ignites the air fuel mixture causing a huge increase in pressure up to 52 bar. This pressure acts on the piston crown, forcing the piston back down the cylinder between 360o and 540o. As the piston accelerates down the cylinder, there is a greater cylinder volume and therefore the cylinder pressure decreases.
Just before BDC, the exhaust valve will open (timing before BDC will vary due to engine speed), allowing the pressure in the cylinder that is greater than atmospheric pressure to escape. Between 540o and 720o the piston will accelerate up the cylinder, forcing out all remaining exhaust gases.
As RPM increases, the piston moves down the cylinder with increased velocity, therefore allowing air to be drawn into the engine at a much faster rate, increasing the velocity of the air. Due to the inertia of the air, at higher RPM it is possible for air to carry on entering the cylinder during the compression stroke of the engine whilst the intake valve is still open. This means there is a greater mass of air in the cylinder, allowing more fuel to be injected and ignited, increasing the pressure inside the cylinder and therefore creating more power (Noble, 2022).


3. [bookmark: _Toc99958414]Conclusion
From these results it is possible to conclude that an engine is not efficient when being ran at full load and maximum RPM or when it is being ran at low loads and low RPM. The engine runs as efficiently as possible, producing peak torque and having the lowest fuel consumption in the mid-range of engine speed, meaning that the engine can convert the stored chemical energy into heat energy and therefore turn that into kinetic energy of the crankshaft as efficiently as possible in this RPM range, wasting as little energy as possible. This also reduces the environmental impact of the engine as well, as less hydrocarbons are burnt to create the required power of the vehicle.
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Fig. 5 Specific fuel consumption vs. engine speed for all loads
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Table I. Diesel engine characteristics.*’

Parameter

Value

Engine type
Displacement
Bore X stroke
Peak torque

Peak power
Aspiration
Certification level

In-line, four-cylinder

45L

102mm X 120mm

624N m at 1500 r/min

123 kW at 2000 r/min
Turbocharged and charge air cooled
Tier 3/stage llIA
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Graph of Torque and Power as RPM Increases at Full Load x10*

200 9
190 5
180

7
170

= 62

£ 2

Z 160 5

] 5 %

S 150 H

= o

= [\
140 4
130 3
120 5
10

1000 2000 3000 4000 5000 6000

RPM




