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Introduction

As the automotive industry is rapidly becoming fully electric the government has placed heavy legislation on automobile manufacturers to produce cars that deliver improved vehicle performance, higher fuel efficiency whilst reducing emissions output from each vehicle which over time is becoming a challenge as stringent legislation and checks are put in place, this in turn forces manufacturers to be innovative to solve the problems i.e. new technology to lower fuel emissions.   

When an engine is being developed it has to go through a lot of testing before it meets industry standards. An engine is evaluated for its Torque, Fuel efficiency, emissions, thermal efficiency and brake horsepower (BPH). Engines are tested to the limit of destroying it as its necessary to know at which point the engine will stop and the reasons i.e. overheating & mechanical failure. 

In-order to test an engine, an ‘engine dynamometer’ (dyno) is used to test the set parameters of the engine. In race day situations where there may be restrictions on power or torque, a dyno is used to calibrate the engine map to the track requirements. With the correct information, it is possible to put the ‘engine’ around a track by simulating the revs needed at different stages of the track. 

This report will contain sections on Corrected Power, BMEP (Brake Mean Effective Pressure), Torque, SFC (Specific Fuel Consumption) and Thermal Efficiency. 















Torque 

Often referred to as ‘Pulling power’ Torque usually measured in Newton metres (Nm) is the engines rotational force. While horsepower refers to how quickly work is done, Torque refers to the amount of work an engine can exert. Big vehicles tend to have increased torque over smaller cars, whereas a small car can cruise on the road with low torque values, heavier vehicles tend to need more torque to get moving. Heavy vehicles tend to have diesel engines as diesel is capable of producing more torque at a lower rev range over their petrol counterparts.  

Information needed to understand the formulas used and workings.  
Table 1.0
	Values/Meaning
	Values/Meaning

	P - Measured Pressure
	Ps - Corrected pressure

	N - Engine RPM
	Pa - Ambient Pressure

	T - Torque
	Ta - Ambient Temperature (kelvin)

	F - Force
	n - no of cylinders

	MEP - Mean Effective Pressure
	BMEP - Brake mean Effective Pressure

	A - Area
	R - Radius

	L - Stroke Length
	W - Total load

	WD - Work Done
	M - Litres/Hour x Specific gravity of fuel (0.75) kg/hr

	
	CV - Calorific Value of fuel (45800 MJ/kg for petrol)





Research

The bore, stroke and number of cylinders were found using the manufacturer's handbook. Air temperature and pressure were found thermometer and barometer gauges. The torque arm length is the length from the cantilever pin to the centre of the stator. The additional counterweight has been added of 50lbs to prevent fluctuation from pressure while trying to break the engine.  

Engine Details 

Honda V-Tec 1.6 engine specifications - Table 2.0
	Bore - (m)
	0.081m

	Stroke - (m)
	0.0774m

	Number of cylinders (n)
	4

	Torque arm length - (m)
	0.815m

	Air temp - (c)
	27°C

	Pressure - (mbar)
	1018.9mb

	Mass counterweight - (M)
	22.68kg x 9.81 = 222N











Methodology 
An ‘apicomDSG’ Schenck WS230 dynamometer was used to test a Honda Civic 1.6 V-Tec D16 V4, the engine was set up to the dyno prior to starting the assessment. 
[image: ]
The engine/ dyno setup should resemble this picture. 

As part of health and safety, PPE (Personal Protective Equipment) needed to be worn when entering the dyno workshop i.e. steel toe shoes and protective eyewear. 
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Two arms weighing around 22.6kg or 50lbs were attached to the dyno to ensure pressure is regulated to prevent fluctuation of pressure while trying to break the engine.This load is added as 222 Nm to the load figure.





The dyno and engine were controlled from an adjoining room with two knobs and a master stop button in case of emergency. These knobs allow the user to essentially control the gas and clutch of the engine. To start the test, the parameters of the test are first logged into computer software that speaks to the dyno, the software controls the load the dyno is putting on the engine in Nm and dyno speed in RPM.
[image: ]




  

There were two types of tests carried out on the engine within the set parameters. The ‘step’ test was carried out first. This test is used to gather high resolution readings of the engine in a controlled manner. The ‘sweep’ test was carried out immediately after. The sweep ran under the same parameters except for ‘time’ the sweep test does not offer high resolution readings as their is less time for the dyno software to log the information down. 

The test started with the dyno putting 102.274Nm of load at 1000rpm. The software took down different points of information at every 50RPM increments all the way up to 5500RPM. The accompanying software takes readings from dyno such as temperature, pressure and fuel consumption. When the test has run its course the dyno will automatically bring the engine down to idle and shut down considering all parameters have been set properly prior to the test. At the end of the test it is necessary to take note of temperature and pressure readings as they are necessary in order to correct the power calculations of the vehicle.   








RPM Vs Load
To find total load on engine, add the 50lbs of the additional counter weight that was used earlier to calibrate the dyno times by gravity (22.68 kg x 9.81) and add it to the Nm output. 
[bookmark: _n83voz42zckj]
[bookmark: _hpe7msaruao2]Table 3.0
	RPM
	1000
	2000
	2500
	3000
	3500
	4000
	4500
	5000
	5500

	Load (Nm)
	102.28
	122.157
	126.438
	121.709
	123.428
	120.004
	113.306
	101.106
	88.6474

	Load +222 (Nm)
	324.28
	344.16
	348.44
	343.71
	345.43
	342
	335.31
	323.11
	310.65



Calculating Torque
T = WR. = Total Load x Radius

[bookmark: _44sinio]Table 4.0 - Calculating Torque
	Engine Speed (RPM)
	TOTAL FORCE (N)
	RADIUS (m)
	Torque (Nm)

	1000
	324.28
	0.81
	262.67

	2000
	344.16
	0.81
	278.77

	2500
	348.44
	0.81
	282.24

	3000
	343.71
	0.81
	278.41

	3500
	345.43
	0.81
	279.80

	4000
	342
	0.81
	277.02

	4500
	335.31
	0.81
	271.60

	5000
	323.11
	0.81
	261.72

	5500
	310.65
	0.81
	251.63





Analysis[image: ]

















At reduced speeds the engine does not burn as much fuel which results in a weak combustion stroke and the opposite is true when the vehicle is travelling at high speeds. As you can see, the line tapers off at the end which shows that torque is reducing because the vehicles velocity alone is able to propel the vehicle forward with reduced torque. A tractor or a truck will be designed to produce maximum torque at low RPMs for hauling whereas a car would produce maximum torque at a higher RPM to allow functioning over a wider speed range.







As can be seen from the graph, the line is linear in climb until 3000rpm where it dips a little bit which could be gear changing, The engine continues to climb and reaches its max brake power(w) of 42000w and maximum engine speed of 5500rpm. [image: ]











Calculating Power

To calculate the power of the engine, a formula is used:
The power generated has a lot to do with engine characteristics like heat dissipation and pressure management. 

1000 RPM =  = 27.51kW
2000 RPM =  = 58.38kW
2500 RPM =  = 73.89kW
3000 RPM =  = 87.47kW
3500 RPM =  = 102.55kW
4000 RPM =  = 116.04kW
4500 RPM =  = 127.98kW
5000 RPM =  = 137.04kW
5500 RPM =  = 144.93kW










Correcting Power

As the industry standard temperature and pressure is set at 20°C and 1.01325 bar respectively, changes in temperature and pressure can increase the output of the engine due to the air density. This calculation takes into account these parameters and ensures output is calculated as the industry standard. As the temperature is warmer in the test area than standardised, air is less dense and therefore produces less power.

	Engine Speed (RPM)
	Measured Power (kW)
	Corrected Power (kW)

	1000
	8.74kW
	8.79kW

	2000
	20.87kW
	21kW

	2500
	9.74kW
	27.17kW

	3000
	31.19kW
	31.39kW

	3500
	36.90kW
	37.14kW

	4000
	41.01kW
	41.26kW

	4500
	43.56kw
	43.83kW

	5000
	43.19kW
	43.46kW

	5500
	41.65kW
	41.91kW











Calculating Specific Fuel Consumption.

	= 0.75 x 3.168 / 8.79kw
[bookmark: _3as4poj]Table 6 Showing SFC Calculations
	Engine Speed (RPM)
	Power (KW)
	Fuel Consumption (Lph)
	Specific Gravity of Fuel (kg/l) -petrol
	SFC (Kg/kW.h)

	1000
	8.79kW
	3.168
	0.75
	0.36

	2000
	21kW
	5.64
	0.75
	0.27

	2500
	27.17kW
	7.18
	0.75
	0.26

	3000
	31.39kW
	8.95
	0.75
	0.28

	3500
	37.14kW
	10.88
	0.75
	0.29

	4000
	41.26kW
	12.80
	0.75
	0.31

	4500
	43.83kW
	14.15
	0.75
	0.32

	5000
	43.46kW
	14.79
	0.75
	0.34

	5500
	41.91kW
	15.69
	0.75
	0.37


[image: ]
This graph shows that when the engine starts up it has relatively high SFC. This is because the car is pushing more fuel into the combustion chambers in order to ignite the homogeneous mixture. The SFC drops dramatically as the car turns on and once the flywheel is spinning the ECU controlling the injectors will kick in and provide the user with the amount of SFC needed.
The dip around 1000-3000RPM also represents cruising speed where the vehicles own momentum however as can be observed, the SFC is increased as the engine revs up to 5500rpm. 

Piston Area

Calculating the piston area of the engine, this is per cylinder.
   =  = 4.705x10-3m2

The Area for one piston is  4.705x10-3m2

Calculating BMEP

P = BMEP =
BMEP = = 627.73kPa
	
The BMEP for the engine at 5500RPM is 627.73kPa

Thermal Efficiency
 M’ = 5.81x10-3

Efficiency of this Honda at 5500RPM is 15.75%. 








Appendices
Raw Data[image: ][image: ]
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