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CHAPTER 1                        INTRODUCTION

Nowadays cars have become indispensable. They have improved in design, safety and performance over the last years. Even though they are still an inefficient machine, which only uses  one fourth of the energy of the fuel to motor the car.  For an idea of the lost energy distribution of a passenger, the following graph is presented.
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Figure 1.1 Passenger car energy distribution. Data from Poulton (1997)

Cars not only waste the limited source of energy that are fossil fuels, they also produce high levels of pollution.    The main problem associated with the inefficiency of the cars is the quantity of CO2 produced. The CO2 contributes to the global warming, produced by the greenhouse effect.

The target of this thesis is to study the feasibility of a car which consumes 3 litre per 100 km, usually named as the 3 litre car. The study of this thesis is it going to be focused on a small gasoline engine with regular port injection.

The main motivation for the 3 litre car is the reduction of CO2 emissions, to reduce global warming. As well is a target for many manufacturers because it implies a very efficient car and one more step in the technology race. Although the 3 litre car target is well known in the automotive industry (as can be reflected in Shillington (1998), Poulton (1997) and Deacon et al for instance) the most efficient commercial cars are far from achieve it. Excluding the Honda Insight that it is a hybrid car and achieves 3.4 l/100 km, the 10 best fuel consumption commercial cars are achieving around 5.5 litres per 100 km in gasoline engines and 4.8 l/100km in diesel as can be seen later in tables 1.2 and 1.3.

In this introduction, as the 3 litre car is under the CO2 reduction frame for reducing the global warming, it is going to be include a brief overview of the greenhouse effect and the international actions against CO2 emissions. 

1.1 Greenhouse effect

This is an atmospheric effect produce by a gas layer formed by gases which mainly include carbon dioxide , water vapour, methane , nitrous oxide and chlorofluorocarbons ( CFCs). This layer allows radiation from the sun to pass through the atmosphere, but do not allow the reflected radiation go back to the space, producing a global earth warming. The layer of greenhouse gases is becoming thicker because of the increase of these gases. This increase is mainly produced by human activities and particularly, by the burning of fossil fuels. 

Possible impacts might be seen as both positive and negative. A negative is the increase in temperatures of the Earth, which is promoting a climate change and might rise the oceans, covering land areas. A positive view is that the increase in CO2 concentrations, increase vegetable life.

The concentration of CO2 has risen to 25% more in the atmosphere than there was in the early 1800s (http://users.aber.ac.uk/eij7/greenhouse%20effect.htm). One third of the world’s CO2 emissions can be attributed to the movement and transportation of people, and cars contribute 80% of this.

Further information can be found in: http://www.greenhousenet.org/action/ncse.html 

1.2 Overview of International actions against CO2 emissions

The main international events against CO2 emissions are (quoting in part from http://www.unfccc.de/, http://www.greenhousenet.org/action/ncse.html and                                             http://www.environment.fgov.be/Root/tasks/atmosphere/klim/pub/eu/raad/milieu/volledig/2153_en.htm ):

· U.N. Framework Convention on Climate Change (FCCC) (http://www.unfccc.de/). Opened for signature at the 1992 UNCED conference in Rio de Janeiro. It was signed by 154 Nations for reducing atmospheric concentrations of greenhouse gases with the goal of "preventing dangerous anthropogenic interference with Earth's climate system." These Nations showed their intention of stabilizing their emissions of greenhouse gases at 1990 levels by the year 2000.

· The Berlin Mandate, 1995.  Result of the first Conference of Parties (COP) of the  FCCC which established a 2-year Analytical and Assessment Phase (AAP), to negotiate a "comprehensive menu of actions" for countries to pick from and choose future options to address climate change.

· Kyoto Protocol on Climate Change (COP-3), 1997.  It was agreed legally binding reductions in greenhouse gas emissions of an average of 6%-8% below 1990 levels between the years 2008-2012 (first emission budget period).

· Subsequent COPs decided mechanisms for implementing the Kyoto Protocol and future possible actions.

· 2153rd Council meeting, Luxembourg, 6 October 1998 claimed for “A Community strategy to reduce CO2 emissions from passenger cars and improve fuel economy .  It claimed for the need of a comprehensive strategy to get an agreement with industry, in combination with market incentives and consumer information, in order to reduce the average CO2 emissions of newly registered passenger cars to 120 g (5 l/100Km) of CO2 per kilometre by 2005 or 2010 at the latest.”

It was also set that the main commitment of ACEA (Automobile Manufacturers Association) is to achieve an emission target of 140g of CO2 per kilometre for the average of the new car sales by ACEA members in the EU by 2008.

· It is expected that in the near future the Community target will be the 3 l / 100 Km  car.

1.3 Relation between fuel economy and CO2 emissions

For this thesis the fuel economy improvement is going to be related directly to the CO2 emissions. Although this relationship is obvious due to the combustion process, it is include here the relation ship given by the Diretive 93/116/EC between fuel consumption and CO2 emissions. As this thesis is based in gasoline engines, only the relationship for gasoline engines is included.
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FC = fuel consumption in litres per 100 km; 

HC = measured emission of hydrocarbon in g/km; 

CO = measured emission of carbon monoxide in g/km; 

CO2 = measured emission of carbon dioxide in g/km; 

D = density of the test fuel in Kg/litre. 

There are two units where the fuel consumption can be expressed, in miles per gallon (mpg) and in litres per 100 km. 

It is necessary to point that the USA gallon is different to the UK and therefore, in data compiled from USA or UK sources, could seem to be different. To clarify this aspect, here are presented the relationships of both mpg to the SI units.

1 mpg in USA is 0.425144 Km/ l

1 mpg in UK is 0.3539 Km/ l. 

Therefore the target of 3 litres per 100 km fuel consumption is equivalent to 78.4 mpg USA or 94 mpg UK.

Here there is an example of the conversion between data that could be checked with the values given by different sources 

Honda Insight consumes 83.1 mpg UK (http://www.vcacarfueldata.org.uk/)  = 29.41 km / l = 3.39 l/ 100Km (http://www.honda.co.uk/news/technicalinfo.html)

1.4 Measures to reduce the fuel consumption

There are several measures that countries can do to reduce fuel consumption in cars. Most of these measurements are already applied the European countries. 

· Points of sale and all promotional literature (advertising) referring to a particular model would have to include information on fuel consumption and CO2 emissions.

· The 2153rd Council meeting  estates: “Member States would have to ensure that a fuel economy guide is produced, in consultation with manufacturers, at least on an annual basis and that it is available to consumers free of charge, including from the dealers. It would provide information on the fuel consumption of all new passenger car models on sale in that Member State, grouped by makes in alphabetical order. The guide would have to include a prominent listing of the 10 most fuel-efficient new car models ranked in order of increasing specific CO2 emissions for each fuel type. It would also include an explanation of the effects of carbon dioxide on the climate. Furthermore, it would offer motorists advice on how to economize on fuel when driving. Dealers would be under an obligation to make consumers aware of the guide's existence. The Commission will produce a guide at Community level, available on the Internet.” This is already done by the UK vehicle certification agency in the web: 
                                                               http://www.vcacarfueldata.org.uk/.

· Reduce taxes of those cars that emit lowest levels of CO2. Also reduce road license for these cars.

· New agreements with the manufacturers to reduce fuel consumption.

· Invest in new technologies and fuel economy studies

· Reduce maximum legal speed in highways

1.5 Non technical problems to overcome

There are two main non-technical problems for achieving a three-litre car: cost and customer expectation.

1.5.1 Cost

Most of the improvements that allow reduce fuel consumption will increase the cost of the car. As this thesis is not going to talk about the economic aspects, some references are given here where some economic studies of the impact of new technologies to reduce fuel economy to the cost of the car can be found: Austin et al, Weiss et al, OECD (1993) or http://www-cta.ornl.gov/Publications/ORNL-TM-2000-26.pdf
The following table is extracted fro Weiss et al, just to give a brief idea of the economic implications of the improvements in fuel economy.
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Table 1.1 Summary of vehicle operating fuel consumption and price.

Weiss et al

1.5.2 Customer expectation

There is always a conflict between power or torque and fuel economy. High power is desired to obtain high maximum speed while high torque is desired to obtain quick accelerations.  Moreover, not only high torque is desired, it is also desired a flat torque curve to obtain good driveability. Therefore the ideal car will have high power, high and flat torque curve and low fuel consumption. This ideal car is impossible to obtain because factors which contribute positively to one these elements can contribute negatively to another, and therefore a compromise between power, torque and fuel consumption has to be made.

 If a car with 3 litre per 100 km fuel consumption is achieved, it will be likely that it will be small and with not much power or torque. Small values of torque and power could produce a problem for selling this car. The only way to achieve the selling of these cars  is by changing customer expectation. This can be done by measures like the ones presented in the previous section.

Also it is important to note that nowadays the number of cars is increasing and therefore there is more traffic each year. The increase in traffic is producing a decrease in the average speed on roads. Hence, it is possible that due to the traffic problem the customer expectation changes itself. 

A possible pattern for this could be seen in the shrink of the upper medium car sector that we are leaving these days, while small cars are increasing in sales. With the increase in Diesel sales, these could be seen as a movement of customers to better fuel economy cars. ( Automotive news Europe, January 15, 2001)
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Figure 1.2 European Diesel sales

Automotive news Europe, January 15, 2001

Also is important to notice the trend of commercial vehicles to improve in fuel economy over the years  and therefore to reduce the CO2 emissions. It can be seen in the graph presented by Pitstick and Danilo (1992) the improvement on trucks fuel economy.
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Figure 1.3 Car and light truck fuel economies for years 1968-1991USA mpg

Pitstick and Danilo (1992).

1.6 Best fuel consumption cars

This section is to show that the target of the 3 litre car is in the mind of the cars manufacturers and to show nowadays the market is getting near it.

1.6.1 Commercial vehicles

From the Vehicle Certification Agency (http://www.vcacarfueldata.org.uk/ ), the commercial vehicle with better fuel consumption (UK mpg) are the ones in these tables. 

Please note that the last column is not given in the VCA and was calculated with the formula given in section  1.3.
	Ranking
	Model
	Engine
	Engine Capacity cc
	Transmission
	CO2 (g/km)
	Fuel consumption (mpg)
	Fuel consumption (l/100km)

	1
	Honda
	Insight 
	995
	M5
	80
	83.1
	3.4

	2
	MCC
	Smart
	599
	SM6
	115
	58.8
	4.8

	3
	Daihatsu
	Cuore
	989
	M5
	127
	53.3
	5.3

	4
	Perodua
	Nippa
	847
	M5
	129
	51.9
	5.4

	5
	Suzuki
	Swift
	993
	5MT
	130
	51.4
	5.5

	6
	Daihatsu
	Sirion
	989
	M5
	132
	51.4
	5.5

	7
	Seat
	Arosa
	999
	M5
	134
	50.4
	5.6

	8
	Toyota
	Yaris
	998
	M5
	134
	50.4
	5.6

	9
	Suzuki
	Alto
	993
	5MT
	134
	49.6
	5.7

	10
	Fiat
	New Punto
	1242
	M5
	136
	49.6
	5.7


Table 1.2 Ten best fuel consumption gasoline cars

http://www.vcacarfueldata.org.uk/
	Ranking
	Model
	Engine
	Engine Capacity cc
	Transmission
	CO2 (g/km)
	Fuel consumption (mpg)
	Fuel consumption (l/100km)

	1
	MCC
	Smart
	799
	SM6
	90
	83.1
	3.4

	2
	Seat
	Arosa
	1716
	M5
	119
	64.2
	4.4

	3
	Volkswagen
	Lupo
	1716
	M5
	119
	64.2
	4.4

	4
	Volkswagen
	New Polo
	1422
	M5
	120
	62.8
	4.5

	5
	Skoda
	Fabia
	1896
	M5
	130
	58.9
	4.8

	6
	Fiat
	New Punto
	1910
	M5
	130
	57.6
	4.9

	7
	Mercedes
	A170
	1689
	M5
	131
	57.7
	4.9

	8
	Seat
	Ibiza
	1896
	M5
	135
	56.5
	5.0

	9
	Peugeot
	206
	1997
	M5
	136
	56.5
	5.0

	10
	Audi
	A3
	1781
	M5
	138
	55.4
	5.1


Table 1.3 Ten best fuel consumption diesel cars

http://www.vcacarfueldata.org.uk/
1.6.2 Near 3 litre cars

Most car manufacturers are trying to develop a 3 litre car. They are taking different approaches to achieve it: hybrid cars, GDI, direct injection diesel with variable geometry turbocharger and small engines. Some of these cars are:
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Figure 1.4  Opel GD 90 and Honda Insight

http://www.motorshow.or.jp/show99/English/CONCEPT/opl01.html
http://www.hybridcars.com/honda.htm 

[image: image120.wmf]0.2

0.25

0.3

0.35

0.4

O. G90

H Insight

Lexus

LS430

R Smile

Lupo 1.2

Tdi

O.Calibra

T.Echo

S.

Octabia

T Celica

R.Twingo

Cd


Figure 1.5 Volkswagen Polo and Nissan Cypact

http://www.volkswagen.vw-audi.es/lupo3L/index_m.htm,

http://www.motorshow.or.jp/show99/English/CONCEPT/opl01.html
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Figure 1.6 Renault / Greenpeace Smile

http://www.greenpeace.org/~climate/smile/index.html
Ford also has done some studies about the feasibility of the 3 litre car. An example can be seen in Deacon et al, where they try to achieve the 3 litre car by modifying a diesel Ford Ka. Finally, they achieved a consumption of the 3.1 litre / 100 km by using EGR, special tyres, lower inertia, low friction engine oil and optimising the gear ratios.

The data available from these concept cars is the following:

	 
	Smile
	Insight
	G90
	N cypact
	Lupo

	Cd
	0.25
	0.25
	0.22
	 
	 

	Af
	1.9
	 
	 
	 
	 

	Weight
	650
	835
	750
	 
	874

	Length
	3480 mm
	3945
	 
	3740
	3530

	Width
	1423 mm
	1695
	 
	1630
	1620

	High
	1423
	1355
	 
	1420
	1460

	Cylinder
	2 cylinder
	3 cylinder
	3 cylinder
	4 cylinder
	3 cylinder

	 Sweep volume
	358 cc
	995cc
	973cc
	 
	1196cc

	Special feature
	supercharger 2.6 bar
	hybrid
	 
	 
	VGT and intercooler

	Power 
	55 hp
	50Kw-56Kw with assistance (68-76kw Honda internal data)
	 
	55 kw
	61 hp

	fuel type
	super unleaded
	petrol
	petrol
	Diesel di
	Diesel DI

	Consumption
	3.3 l
	EUDC 3.4 l
	3.88 l
	3.4 l
	4.1 l

	Compression ratio
	9:01
	10.8:1
	 
	 
	 


Table 1.4 Concept car data

All the data presented and the pictures was obtained from:

http://www.greenpeace.org/~climate/smile/index.html, http://www.honda.co.uk/news/technicalinfo.html, http://www.hybridcars.com/honda.htm,               

  http://www.volkswagen.vw-audi.es/lupo3L/index_m.htm, http://www.motorshow.or.jp/show99/English/CONCEPT/opl01.html
1.7 Effect of fuel economy improvement technology on other vehicle attributes.

An improvement in fuel economy will have impact in other important attributes of a car, such as: styling, ride handling, performance, NVH, driveability, durability, safety features, accessories, passenger accommodation and cargo carrying capacity.

As suggested in Austin et al emissions, driveability and NVH will be the elements most influenced by the changes due to the 3 litre car target. As it is impossible for the author of this thesis to estimate any of these impacts, the following tables, from Austin et al,  are included in order to give an idea of these impacts and possible solutions. 

	Description of Measure
	Attribute Impact

	Packaging Improvements
	Safety concern not quantified

	High-Strength Steel Body
	Same as Above and -1 NVH

	Lightweight Interior
	Safety concern not quantified

	Lightweight Chassis
	Same as Above

	Aluminum Body Closures
	Same as Above

	Aluminum Body
	Same as Above

	Aluminum Cylinder Heads
	Same as Above

	Aluminum Engine Block
	Same as Above

	Minimum Practical Aero Drag w/ Existing Bodies
	No Significant Impacts

	Minimum Practical Aero Drag w/ New Bodies
	No Significant Impacts

	5% Lower Rolling Resistance
	No Significant Impacts

	10% Lower Rolling Resistance
	No Significant Impacts

	Zero Brake Drag
	No Significant Impacts

	Neutral Idle Plus Aggressive Shift Logic
	-1 Driveability

	T1 + Early Lockup
	-2 Driveability

	5-Speed Automatic w/ ASL and Early Lockup
	-2 Driveability, -1 Gradeability

	CVT
	-1 NVH, +2 Gradeability

	Higher Compression Ratio
	No Significant Impacts

	4‑valve Cylinder Heads
	No Significant Impacts

	Mild Turbocharging
	-1 NVH, -1 Driveability, -1 Towing

	4‑valve VVL&T
	-1 Driveability

	B4 w/ Cylinder Deactivation
	-2 NVH, -2 Driveability

	Miscellaneous Friction Reduction
	No Significant Impacts

	Lean Burn
	-1 Driveability, NOx Emissions ?

	Oil/Water/Fuel Pump Improvements
	No Significant Impacts

	Cylinder Deactivation
	-2 NVH; -2 Driveability

	Electric Power Steering
	No Significant Impacts

	Miscellaneous Parasitic Loss Reductions
	No Significant Impacts

	Turbocharged D.I. Diesel
	-2 NVH, -3 NOx/PM Emissions


Table 1.5. Effect of fuel economy improvements on other vehicle attributes

Austin et al

	Measure
	Mitigation Technique (Added Weight)

	High-Strength Steel Bodies
	Reinforcements, extra support for suspension cradle, etc.  (20 lbs.)

	All Other Weight Reductions
	None Identified

	All Drag Reductions
	None Required

	Neutral Idle Plus Aggressive Shift Logic
	Electronic Throttle Control (ETC) and Improved Controls

	Above + Early Lockup
	ETC, Viscous Clutch, Improved Mounts

	Above + 5-Speed Automatic
	ETC, Viscous Clutch, Improved Mounts

	CVT
	ETC, Noise Suppression Package #1  (44 lbs.)

	Higher Compression Ratio
	(Knock Sensors Included)

	4‑valve Cylinder Heads
	None Required

	Mild Turbocharging
	ETC, Noise Suppression Package #1, Improved Cooling  (44 lbs.)

	4‑valve VVL&T
	ETC

	VVL&T + Cylinder Deactivation
	ETC, Improved Mounts/Suspension, Noise Suppression Package #2  (62 lbs.)

	Lean Burn
	ETC

	Cylinder Deactivation
	ETC, Improved Mounts/Suspension, Noise Suppression Package #2   (62 lbs.)

	Friction Reduction
	None Required

	Parasitic Loss Reductions
	None Required

	Turbocharged D.I. Diesel
	Noise Suppression Package #2   (62 lbs.)


Table 1.6. Possible mitigation techniques for the effects of fuel economy improvements on other vehicle attributes. Austin et al

1.8 Introduction to the thesis work

The purpose of this thesis it to use a structured approach to explore the feasibility of the 3 litre per 100 km fuel consumption small family petrol car with regular port fuel injection. For this purpose the engine simulation program AVL Boost was used to predict the levels of performance from engine configurations thought to be appropriate to the problem.

This thesis discusses a structured approach to the problem, starting with the reasons which promote the target of the 3 litre car. Then it describes a general study of possible improvements to achieve the 3 litre car.

The next natural step is to make some engine simulations and with the aid of a program which simulate the European Test cycle, to calculate the viability of the 3 litre car. But as there was not available other thesis or works with the engine simulator AVL Boost, this thesis is going to cover also some theoretical aspects involved in the engine design and engine simulation, which were used in the engine simulations discussed at the end of the thesis. The discussion of engine design and engine simulation are not only important for the work of this thesis, they also will be important for future works based in engine simulation and specially based in AVL Boost.

Later. are performed some sensitivity analysis of parameters which affect engine performance. These sensitivity analysis allowed to obtain a final model.

Finally at the end of the thesis, a program made by the author which calculates the fuel consumption of an engine simulated in AVL Boost or in other engine simulator, is explained. This program with the data obtained from AVL Boost allowed to make important conclusions as result of the whole work performed for this thesis.

The last thing to mention in this introduction to the thesis work is that this project is supported by AVL List GmbH, Austria.

CHAPTER 2                              Improvements to achieve the 3 litre car, 3 litre per 100 km fuel consumption

This thesis is going to focused on the feasibility of a small gasoline car with regular port injection which consumes 3 litre per 100 km. This chapter will give an overview to the 3 litre car problem and some possible solutions. There are two different ways to reduce fuel consumption:  by minimizing the propulsion energy required to move the car and by maximizing the efficiency with which fuel is converted to mechanical energy and then to movement. The thesis is focused in the second approach, specially in the engine. Therefore it is done a brief overview of the first approach and of some non engine factors that affect the second. Then, at the end of the chapter are studied possible engine solutions.

A summary of the possible improvements to fuel economy and the technical approach to achieve them can be found in the following chart presented by the OECD (Organisation for Economic Co-operation and Development) ,1993.
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Figure 2.1 Technical approaches to reduce car energy use. OECD (1993)
It is possible to give an idea of the importance of each measure to improve fuel economy  by examination of the contribution that each loss makes to the power required.  This is done in the following chart presented in Hilliard and Springer (1984).
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Figure 2.2. Frictional losses in a 348 in3 gasoline engine passenger car at 50 mph

Hilliard and Springer (1984)

In the above chart it is possible to see that the bigger losses are in the engine, being a 40.2% of the indicated HP. Then the other important losses are the aerodynamic drag, tires and accessories. Also, it is important to note that the overall friction makes a great contribution to the car losses. Therefore the biggest improvements will be achieved by improving the engine and by reducing the friction.

2.1 Energy parameters

It is possible to express the power required by a moving car with the following formula explained in detail in next chapter.

Prequired = ( FDrag resistance + Frolling resistance + F acceleraion resistance + Fclimbing resistance ) * V
From examination of the above formula, it is possible to derive that to achieve good fuel economy, one needs:

2.1.1  Low weight.

Weight is more important during city driving because of the power required for accelerating all the mass as can be seen in the following chapter. However, weight also affects to fuel economy at high velocities due to its contribution in the rolling resistance term.

Nowadays the weight of the vehicles tends to increase due to the improvements in safety and new devices. But on the other hand, it is necessary to reduce weight for improving fuel economy. This reduction can be achieved by:

· Packaging improvements

· High strength steel bodies

· Lightweight interior

· Lightweight chassis

· Aluminium body closures

· All aluminium body.

· Aluminium cylinder heads 

· Aluminium engine block.

Examples of this improvements can be seen in the Honda Insight, Renault/ Greenpeace Smile or in Deacon et al.

2.1.2 Low rolling resistance

Traditionally to achieve low rolling resistance, tyres needed to be composed of hard compounds and inflated to high pressures, which would produces poor ride quality and compromised grip. New materials and new technologies allow lower rolling resistance without compromising the handling and comfort characteristics. Some examples of low rolling resistance tires (Poulton, 1997) are: Bridgestone Potenza, Continental EcoContact, Goodyear Invicta GFE or Michelin energy MXT and MXV.

Some of the possible improvements to reduce tyre rolling resistance are given by Poulton (1997) in the following table:
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Table 2.1 Measures to reduce tire rolling resistance and resulting influences

Poulton (1997)
2.1.3 Low aerodynamic drag

The aerodynamic drag has an important influence at high speeds. It is improved by streamlining the vehicle shape and minimizing the frontal area. Poulton (1997) and Aparicio (1995) do small analyses of the influences of each shape element to the drag coefficient. Although, Poulton (1997) suggests the possibility of achieving a drag coefficient of 0.22, and Opel G90 achieved this value, it would be difficult in most cases to achieve it without unpractical shapes. 

2.1.4 Speed limiters

At high speeds the drag force increase too much producing a waste of energy. It would be possible to include speed limiters to the cars, in order to not allow them to pass the legislation speed limits. This solution has two main disadvantages: it is politically controversial and could raise into a safety problem in determinate conditions. 

Some “Green parties” in some European countries are claiming for a legal maximum speed reduction in highways in order to reduce the global CO2 emissions, e.g. is izquierda unida in Spain ( http://www.izquierda-unida.es/ ).

2.2 Power train

In this point there are four possible sources of improvement: improve gears efficiency and gear ratios, continuous variable transmission (CVT), hybrid powertrain or fuel cells.

2.2.1 Redesign of gears

Redesigns of the gear ratios can produce an improvement in fuel economy. They can improve the gear efficiencies, increase the number of gears or improve the gear ratios.

The increase in number of gears will lead into an improvement in fuel economy, but it will increase size, complexity and cost. This approach is being adopted by this year’s cars that are moving from 5 to 6 gears.

Deacon et al, suggested that just optimising the gear ratios, it is possible to improve the fuel consumption by 0.15 litres / 100 Km.

2.2.2 Continuous variable transmission.

In principle CVT have two advantages compared with conventional transmission: at part load they improve fuel consumption and when needed, they can maintain high the power or torque.

At part load condition they allow the engine to operate at the point of load and engine speed that produce minimum fuel consumption. And when maximum power or torque is required, they allow to operate at the speed that provides peak torque or peak power.

Austin et al. consider a theoretical maximum improvement of 30% in fuel economy. However, there are two restrictions to this, the practical limit to infinite speed ratio and low efficiency of current CVTs.

Current CVTs has low efficiency, Poulton (1997) suggest an efficiency between 70-90% whereas manual transmissions have an efficiency between 91-95% (Bosch, 1996).

They are a promising technology that needs to be improved to provide the desiderated fuel consumption improvement. Although nowadays they are inefficient, there are some commercial applications like: Ford CTX, Nissan N-CVT or Volvo VCST, (Poulton, 1997).

Some improvements related with the transmission and their fuel economy quantification  are collected in Poulton (1997) in the following table.
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Table 2.2  Transmission system improvements. Poulton (1997)
2.2.3 Hybrid power train

Hybrid powertrain improves the fuel consumption of a car due to the following points:

· Smaller engine. With smaller engine, the car is more efficient than a conventional one as explained in section 2.9.2. The engine of the hybrid car is powerful enough to move the car along on the free way, but when it needs to get the car moving in a hurry, or go up a steep hill, it needs help. That "help" comes from the electric motor and battery, which steps in and provides the necessary extra power. 

· Regenerative braking: recover energy and store it in the battery - Whenever one steps on the brake pedal in the car, energy is removed from the car. Instead of just using the brakes to stop the car, the electric motor that drives the hybrid can also slow the car. In this mode, the electric motor acts as a generator and charges the batteries while the car is slowing down. 

· Shut off the engine. A hybrid car does not need to rely on the gasoline engine all the time because it has an alternate power source , therefore it can switch off the engine when the vehicle is stopped at a red light or in similar road conditions. 

There are two kinds of hybrid cars: parallel and series. The difference is that the in a parallel hybrid both the engine and the motor can turn the transmission, whether in the series, just the motor turns the transmission.

Examples of some hybrid cars are the Honda Insight and the Toyota Prius.

2.2.4 Fuel cells

Fuel cells are based on the hydrogen oxygen reaction producing only electricity, water and heat. A fuel cell generate high currents at low volts and therefore for high volts are needed many of them, making big devices.

In principle they are very clean because they are based in the reaction H2+1/2 02 = H2O,  that produces zero unwanted emissions. This is true just only if the energy needed to obtain the H2 comes from an alternative source of energy or from a nuclear power plant. If the energy comes from a thermal power plant, it will produce more global emissions than if the fuel is burned in the internal combustion engine of the car.

Some fuel cells can run by feeding them with a hydrocarbon, just by adding a converter to the system. These cells consumes less fuel than a conventional car because fuel cells are more efficiency than internal combustion engines as they are  not Carnot limited Newborough (2000). 

Another alternative to reduce the global warming would be an electric car: which has a set of batteries that provides electricity to an electric motor.  But they can go just 80-160 Km between charges (Poulton 1997). Also it will contribute positively to the global warming depending on the kind of source that produce the electricity, as discussed with the H2.

2.3 Alternative fuels

The main objective of the 3 litre car is to reduce global CO2 emissions. This target can be achieved by changing the fuels used to propel the car. Some examples of better fuels from this point of view are: hydrogen, CNG (Compressed Natural Gas) or LPG (liquid petroleum gases). All of these fuels contain bigger fraction of hydrogen and therefore they will produce less  CO2 emissions and also more specific energy.

The CO2 emissions of different fuels and also the emissions of CO2 related the fuel supply and vehicle manufacturing can be seen in the following graph from OECD (1993). 
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Figure 2.3. CO2 emissions of alternative fuels OECD (1993)

Just the hydrogen will produce zero CO2 emissions, but when considering global warming it is necessary to say where this H2 came from, as mentioned before. 

The problem with alternative fuels is the transition to them from existing fuels. In the transition there are not many fuel stations with facilities to these new fuels, making them less attractive than conventional vehicles. A possible solution to make the transition easily is the one adopted by Ford, Vauxhall and Volvo: bi-fuel engines. They can run on petrol and either LPG or CNG. Autocar, 6 June of 2001, says that the LPG reduces CO2 emissions by 10 percent and CNG by 20 percent. The advantage of theses cars is that they will consume less fuel and that they will be benefit by taxes rates.

An example of a bi-fuel system is now presented, from the mentioned Autocar magazine.
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Figure 2.4. Volvo bi-fuel system (LPG)

Autocar, 6 June of 2001

Further information about the effects of the fuels to the 3 litre car target can be found in Mallet (2001).

2.4  Engine improvements 

The main target of this thesis is to study the feasibility of a 3 litre car with regular port injection using engine simulation. For the engine simulation, many possible solution can be adopted and therefore, in this section are going to be explained those that has not been adopted in the final engine model.

2.5 Lean burn and EGR

EGR and lean burn are two related technologies and therefore are studied together. Both technologies dilute the fuel mixture but with different diluents, exhaust gas or air, and with different results.

2.5.1 Lean burn

To obtain lean burn combustion, the dilution tolerance of the combustion chamber needs to be increased. There are two approaches to increase the AFR tolerance: open-chamber stratified charge and high activity homogeneous charge.

In the stratified charge approach, the fuel rich mixture is concentrated around the spark plug, so that a charge which is lean overall could be ignited and burnt. This is the approach used by gasoline direct  injection (GDI). In the high activity homogeneous charge, lean burn is achieved by careful control of the air motion around the spark plug in a highly turbulent flow field. As discussed later this in chapter, this is achieved by using asymmetric intake port design, or better, by shutting off one of the intake ports. This approach is studied in Soltani and Veshagh (1998). Also it is possible to improve the high turbulence by adding to the port configuration strategy a modification of the chamber shape, as shown in Horie et al (1992). 

Honda system VTEC-E, explained in Horie et al (1992), takes advance of both approaches to increase the AFR.

The reasons by which the fuel economy is improved by the lean burn are:

1. Higher thermal efficiency. Doing simple calculations to the theoretical Otto cycle is possible to obtain that
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where r is the compression ratio and (  is the ratio of specific heats. 

Using leaner mixtures, the thermal efficiency is increased because ( dry air = 1.4 and ( stoichiometric mixture is about 1.35.

2. Complete combustion. As in the lean operation there is excess of air, nearly complete combustion is obtained, unless misfiring problems occur. The complete combustion will produce an improvement in fuel consumption and a reduction of HC and CO emissions. Austin et al writes that there is also an increase in the ratio of specific heats.

3. Reduce pumping losses. As shown in Soderber and Johanson (1997), lean burn reduces the pumping losses and it also increases the ratio of specific heat during compression and expansion. Austin et al explain the reduction in pumping losses by the reduction in throttling required at any given power level due to the bigger AFR used. Although the combustion gets more unstable with lean burn, it can be improved with the generation of higher turbulence as shown later in this chapter.

All these advantages will lead into an improvement in fuel consumption. Horie et al (1992) report that with a VTEC-E engine is possible to obtain a 12% reduction of bsfc in an engine bench cell as can be seen in the below figure. Note that they obtained this 12% reduction  in a highway mode, but just 8%  in LA-#4 mode. Austin et al and also Poulton (1997) report a fuel economy improvement between 8% and 10% with lean burn engines.

In the following graph it can be seen the effects of AFR to the bsfc and the 12 % improvement obtained in Horie et al (1992). Also it can be seen the effects of the AFR to the NOx emissions.
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Figure 2.5 bsfc and bsNOx as a function of AFR..

 Horie et al (1992)

The main problem of the lean burn operation is the NOx emissions, because although NOx produced in the combustion is much lower, as can be seen in the above picture , the oxygen in the exhaust gas precludes the use of a conventional NOx reduction catalyst. There is a promising technology to reduce the NOx emissions that is the DENOx catalyst. As said in Austin et al Toyota has reported a 90% NOx conversion using a system that normally runs at a 21:1 AFR and cycles back to a 14.5:1 AFR for less than one second once every one to two minutes. The fuel economy loss associated with this infrequent rich operation is less than 1%. It should be noted that this catalyst is poisoned by sulphur and will require gasoline with sulphur levels of 30 ppm or lower, depending on the stringency of the NOx emission standard.

Lumsden et al (1997) report that one way to improve the emissions in the lean burn scenario is to use spark retard to further control combustion temperature. For example, retarding the spark advance from 39º btdc (the MBT –1 % timing) to 34º, NOx is reduced by 52%, resulting in an overall reduction of 63% compared to stoichiometric operation. HC emissions increase by 10% but fuel consumption rises by less than 1%.

Austin et al conclude that throttled lean burn engines are likely to be able to meet the target emission levels of the US federal emission regulation Tier 2, but there is no evidence that unthrottled engines will comply with it. Also Horie et al (1992) writes that lean burn VTEC-E  passes the Tier 2 regulations, although it will not pass the California state standard.

2.5.2 Exhaust gas recycle (EGR)

EGR is the principal technique used to control  NOx emissions in spark ignition engines.  A fraction of the exhaust gases are recycled through a control valve from the exhaust to the engine intake system or a fraction of exhaust gases are trapped in the cylinder at the end of the exhaust stroke (internal EGR). EGR acts, at part load, as an additional diluent in the unburned gas mixture, thereby reducing the peak burned gas temperatures and NOx formation rates.

The effects of EGR in bsfc is shown by Heywood (1988) in the following graph. He also explains the improvements of EGR on  fuel consumption due to three factors:

1. Reduce pumping work because increases intake pressure

2. Reduce heat loss to the walls because decreases the burned gas temperature

3. Reduce degree of dissociation because reduce the temperature and hence, less chemical energy is lost in dissociation. This effect is less important than the two others.

[image: image13.png]bsfc, /kWe h

330

320

310

T

Fy

—
= 1.0, MBT timing
bmep = 325 kPa

1400 rev/min

T





Figure 2.6. Effect of EGR in bsfc. 

Heywood (1988)

Lumsden et al (1997) report that the best fuel consumption point is obtained with 20% EGR, producing a 5.5 % reduction in fuel used. But if the optimum emission strategy (minimum HC+NOx emissions) is selected, then a 17% EGR is used and it will provide a 5.3% fuel consumption reduction.

2.5.3 Comparison between EGR and Fuel economy.

As a conclusion of the mentioned before, if the target is to reduce fuel economy is more efficient to use lean burn, but if the target is to reduce NOx then EGR become compulsory. This results can be seen in the following  table from Lumsden et al (1997) and in the following graph from Horie et al (1992).
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Table 2.3 Comparison between EGR and Lean burn

Lumsden et al (1997)

[image: image15.jpg]440

H
N
o

400

BSFC (g/kWh)

380

360

25 mph Cruise Condition

Stoichiometric without EGR

[” Stoichiometric with EGR \\

2\ e

-
-
s |5%

1]
_ Driveability Limit

0 2 4 6 8 10 12 14 16 18 20
BSNOx (g/kWh)





Figure 2.7EGR and Lean Burn compared

Horie et al (1992).

2.6 GDI

In the Gasoline Direct Injection (GDI) the fuel is injected directly into the cylinder during the compression stroke. It has two combustion modes, as explained below and as shown in the following picture from www.machinedesign.com .

Stratified charge. Where there is an ultra lean combustion. The injection is done  during the late stage of compression stroke, towards the curved top of the piston crown.  This mode allows having lean burn and therefore better fuel economy at part loads.
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Figure 2.8. GDI modes
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The main advantages of this injection is that allow lean burn (see previous section) and higher compression ratios. Higher compression ratios lead into a fuel economy improvement due to its increase in thermal efficiency.

2.7 Turbocharge  and supercharge

Turbochargers and superchargers increase the air pressure available in the intake manifold and therefore increase the engine torque. This can produce an advantage on fuel economy because allow to have a small engine, advantage discussed later in this chapter, but with good torque and power output. This is the option adopted by the MCC Smart, as disused in chapter 6.

As mentioned before both technologies could improve fuel economy because they allow the reduction of engine size. But the common disadvantage of both technologies is that they increase intake charge temperature, increasing knock tendency and forcing to reduce the compression ratio, losing thermal efficiency. Also the driving style is more sporty when using turbocharge or supercharge than in natural aspirated engines and therefore it will produce worst fuel consumption.

The main disadvantage for the supercharger is that it increases the parasitic losses of the engine, and therefore, it will diminish engine efficiency. On the other hand turbochargers do not have this problem, because they recover energy from the exhaust. But the recovering energy presents three problems: increases the backpressure, at idle there is not sufficient energy in the exhaust of the engine to provide boost and it has a time lag to obtain the boost, while the supercharge has it immediately, affecting driveability.

As a result of all mentioned before, Austin et al suggest that some manufacturers estimate that there is not fuel economy benefits and others say that could go up to 12% improvement.

2.8 valve timing technologies

Valve timing is one of the most influencing elements in the performance of an engine  and it is also a possible source of improvement.  A summary of the possible influences that valve timing has in the engine characteristics  and therefore the possible sources of improvement are compiled in the following diagram from Kreuter et al (1992) .
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Figure 2.9. Influences of variable valve timing in engine characteristics.

Kreuter et al (1992)

2.8.1 Concepts involved in valve timing

In fixed timing a compromise between the following elements that will determine torque, idle stability and power is sought:

1. Late inlet valve closing (IVC). By this strategy, it is possible to introduce more air in the cylinder, increasing the volumetric efficiency and hence, engine performance. The increase in volumetric efficiency is achieved by three elements:

a) At bottom dead centre (BDC) the pressure in the cylinder is lower than in the inlet manifold, therefore, it is possible to put more air in the cylinder.

b) Wave effect. The valves are closed after a positive pressure wave in the inlet manifold. This tuning element, it is only optimum at one engine speed. By using variable valve timing it is possible to have the engine tune at more engine speeds. 

c) Inertia or ram effect. After BDC when the pressure in the cylinder is around the pressure in the manifold, the flow is moving towards the cylinder and therefore it has a kinetic momentum that allow introduce more air in the cylinder, this effect is more important at high speeds.

The drawback of this strategy is that at low speeds produces reverse flow, decreasing volumetric efficiency.

2. Early exhaust valve opening (EVO): accentuates the effect of the exhaust blow down reducing the pumping work needed to scavenge the engine. 

3. Overlap. It is produced by early IVO and late EVC. At high speeds is good for filling and scavenging, but at low speeds produce reverse flow, reducing volumetric efficiency and idle quality because residual gases mixes with fresh charge.

2.8.2 Variable valve timing and lift for fuel economy in throttled engines and stoichiometric mixture

With variable valve timing is possible to improve power and torque of an engine by taking advance of the phenomena explained in the previous section. This improvement is reflected in the following PV diagram presented in Kreuter et al (1992).
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Figure 2.10. Full load P-V diagram: Variable valve timing versus camshaft controlled.

Kreuter et al (1992)

From the above graph can be seen that the work per cycle, area enclosed by the curve, is increased by the variable valve timing and therefore so is the power. The effect of this improvement will be reflected in fuel economy by improving bsfc and by allowing to reduce the size of the engine and therefore take advantage of the small engines features. It also will improve the fuel economy by reducing the throttling losses and improving thermal efficiency.

It is difficult to estimate the improvements in fuel economy of this technique because depends a lot in the flexibility of the variable valve timing system. Austin et al write that Mitsubishi with the system MIVEC improves fuel economy by 7.4%.

There are several variable valve systems based in different systems: two different valves profile as Honda VTEC, rotation of the crank shaft as Alfa Romeo or Mercedes  and infinitely valve timing as Fiat , Ferrari and  others.

2.8.3 Variable valve timing and lift for fuel economy in throttled engines and lean burn.

There are some current specific technologies of valve management for fuel economy where the most important ones are port deactivation and VTEC-E. 

The port deactivation (Pearson et al, 1995) and the Honda VTEC-E (Horie et al, 1992) are two technologies created to improve the vehicle performance, allowing high power at WOT and good fuel economy, due to lean burn, at parts loads. Both technologies have 4 valves and two modes: 

1. Lean burn mode at part loads, where one of the inlet ports (port deactivation) or one of the valves (VTEC-E) is deactivated. This produces a swirl motion in the cylinder that allows the lean burn and therefore improves fuel economy at low loads.

2. Both valves or ports activated. The engine behaves like a regular port injection.

The advantages of both technologies are registered in the following graphs. Note the advantage in drivability produced by the flattening of the torque curve.
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Figure 2.11. VTEC. Poulton (1997)
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Figure 2.12. Port deactivation. Pearson et al (1995)

2.8.4 Variable valve timing and lift for fuel economy in un-throttled engines. 

There are several papers about the advantage of un-throttled load control for fuel economy, such as Kreuter et al (1992) and Soderber-Johansson (1997) .  

As a result of the throttle control the pumping losses in a regular gasoline engine  increase with decreasing load and rises to more than 30% of the imep at low load. By using un-throttled control, these pumping loses will be eliminated. It is important to highlight the potential improvement in fuel economy by eliminating the pumping losses at low loads because in the European test cycle and in the US federal test procedure, most of the time the engine is working with low loads, and 80% of the fuel consumption is produced in this low load areas. Soderber-Johansson (1997) and Kreuter et al (1992)  suggest an improve in fuel economy up to 15% by un-throttled engine

There are two strategies to achieve the un-throttled load control: Early intake valve closing (EIVC) and Late intake valve closing (LIVC).

In the EIVC the intake valve is closed early during the intake stroke of the engine. This kind of load control requires very short valve lift periods for low load conditions as well as high accuracy and good repeatability. 

In the LIVC the intake valve remains open during the complete intake stroke and it is closed when the excess charge is pushed back into the intake manifold during the compression stroke.

The improvements in pumping losses of the EIVC can be seen in the following graph from Kreuter et al (1992).
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Figure 2.13. Change in exhange losses for a throttled control (TC) and EIVC. 

Kreuter et al (1992)

Also it is possible to see the improvement thermal efficiency of the  EIVC and the LIVC over standard double cam configuration in figure 4.3 Note that in this graph, it seems that the standard single cam will have bigger efficiency and therefore less fuel consumption that these two systems, but in the indicated efficiency the pumping losses are not included, where these systems offer a great improvement.

2.8.5 Camless

It is done a separate discussion about camless because although un-throttled control will imply the use of camless, the use of camless does not imply un-throttled control. Also camless technology implies advantages that un-throttled control may be not imply.  

There are two mechanisms for camless valve control: electrohydraulic and electromagnetic designs. A deep discussion of the electro hydraulic technology can be find in Schechter and Levin (1996).
With camless engines is possible to have variable intake timing, exhaust timing and lift. Each of them has different improvements to the engine performance, that are summarised below, mainly from Schechter and Levin (1996).

Variable inlet timing
The main advantages of this are:

a) Reduce throttling loss.

b) Faster burn rate at low speeds, where the air turbulence in the cylinder is often insufficient. It is achieved by delaying the  opening of the intake valve past the top dead centre until the piston acquires significant down stroke speed, increasing the inlet air velocity and  therefore promoting faster burn rate.

c) Increase torque. It is possible to improve the volumetric efficiency at all speeds, by tuning the ram and wave effects, producing a bigger and flat torque curve.

d) Variable compression ratio. It is done by varying the timing of the intake valve closing, producing a variation in the effective compression ratio without a corresponding change in the expansion ratio.

2. Variable exhaust timing.

The main advantages are:

a) Optimised expansion ratio. At low speeds is possible to retard the EVO because is more time for the blow-down, producing an increase in the expansion stroke and therefore in torque and fuel efficiency.

b) Internal EGR. Reducing NOx emissions (up to 90%, Schechter and Levin (1996)) and improving fuel economy.

3. Variable valve lift

The main advantages are:

a) Improve fuel efficiency at low speeds by reducing both inlet and exhaust lifts when the engine speed is reduced. The reason for this is that the energy consumed by the valvetrain goes down with reduction in the valve stroke, therefore varying the valve lift as a function of the engine speed can improve fuel efficiency at lower speeds.

b) Promote swirl and therefore increasing burn rate and combustion stability by unequal inlet lifts. Also as discussed before, it will allow lean burns.

There are also three other important advantages of the camless engine that will also improve fuel economy (Schechter and Levin ,1996).

:

· Deactivation of some engine cylinders, in order to operate the others at higher loads to maintain a given engine output and therefore reduce fuel consumption.

· Packaging advance and weight reduction.

· Valve lift profile will have nearly rectangular shape at low speeds and trapezoidal at high speeds. These will increase the volumetric efficiency and therefore the torque.

Although the fuel economy and engine performance can be greatly improved with camless valve control, it has three main problems that make it a hope more than a reality. The three main problems are that hydraulic or the electromechanical systems are costly, complex and inefficient. Therefore, it is needed to improve fuel economy, emissions and engine performance by using actual variable valve systems and wait until these valve systems are efficient and cheap.

2.9 Improvements in which this thesis is based: Small gasoline engine

This thesis studies the feasibility of a 3 litre car from the point of view of small gasoline engine with regular port injection. This section outlines the advantages of taking this approach.

2.9.1 Reasons for gasoline engine. 

There are several advantages for the gasoline engine rather then the diesel.

· Cancer risk. As said in http://www.greenpeace.org/~climate/smile/  almost two thirds of the cancer risk created by air pollutants is due to diesel engine emissions. The particles contained in the diesel exhaust gases and the polycyclics deposited on them penetrate deep into the lungs because of their small size, producing cancer.

· Diesel engines pollutes more than the gasoline engine. Example of this could be seen in the VCA that shows that 208 car models compliance with Euro IV, but not one is Diesel, even though  Diesel emissions limits are less tough than the gasoline ones.

· A litre of diesel" is not "a litre of gasoline". ". Diesel fuel is more dense than petrol and has a higher carbon content, as a result a litre of gasoline produces 2.32 kg of CO2, but a litre of diesel produce 2.63 kg of CO2. This means that 13.4 per cent more CO2 is emitted per litre of diesel than per litre of petrol

· Diesel engines are  heavier and more expensive in manufacture 

The main advantages of Diesel fuels are:

· No throttle. As Diesel has not throttle it does not have the pumping losses associated with throttle control and therefore better efficiency.

· Economic. Liquid fuels are bought by volume and as diesel has more density it gives more energy per litre.

· Diesel engines allow bigger compression ratios and therefore they have bigger thermal efficiency.

In this comparison, just the gasoline and diesel engines are compared because they are the common fuels current 3 litre concept cars.  It is necessary to highlight that for future studies of the 3 litre car it is necessary to study alternative fuels such as: hydrogen, CNG (Compressed Natural Gas) or LPG (liquid petroleum gases). This study is done by Mallet (2001).

2.9.2 Small engine 

A small engine has better efficiency  compared with a big one. The reasons for this are:

· Reduce engine weight, which will reduce fuel consumption as said before.

· Improves packaging, making possible to  reduce exterior size of the vehicle while maintaining the interior volume, and therefore reducing a lot the body weight.

· Less friction forces because the cylinder and the pressures are smaller, producing smaller forces.

· Smaller and lighter parts require less energy to move them

· Less cylinders, therefore less fires while the car is not moving

· In the case of gasoline engine, running a car with a small engine, will require the driver to drive the car with the accelerator pressed deeply most of the time. This is producing to run the engine high loads, near WOT and close to the operation region with better fuel consumption.

2.9.3 Regular port injection 

This thesis is focus in an engine where the fuel is injected in the intake port. This is the injection that most cars have and does not requires any further study.

CHAPTER 3.                            Assumptions and                               initial calculations

This chapter contains the necessary calculations and assumptions for calculating the minimum required break mean effective pressure (bmep) and torque from the engine that is going to be modelled when performing the European emissions and fuel consumption test: EC Type I test, defined in the EEC Directive 70/220/EEC.








In this chapter the bmep and torque are just calculated in the points of the cycle where there is increased velocity, increased acceleration or a combination of both, because this points require, for a fixed gear, the maximum bmep or torque. In chapter 6 a computer program written by the author that calculates them each second of the cycle will be described.

For the calculation performed for this chapter and for chapter 6, it is necessary to make some assumptions about the car where the engine that is going to be modelled in the thesis would be mounted in, such as: inertia of the car, drag coefficient or gear ratios.

3.1 Mass and drag coefficient of the car

3.1.1 Mass

Is necessary to choose a mass as low as possible but remaining realistic. Here it can be seen a table of the weight  and length of some cars of the current market.

	 
	Weight (Kg)
	Length (m)

	F.Ka concept
	610
	 

	R.Smile
	650
	3480

	F Panda 0.9ie
	715
	3410

	S.Marbela 0.9
	720
	3475

	Smart
	720
	2500

	Su.Alto 1.0
	730
	3490

	O.G90
	750
	 

	K Pride 1.3
	795
	3560

	V.Lupo
	800
	3520

	P.106 1.0
	815
	3680

	H. Insight
	835
	3945

	N. Micra 1.0
	835
	3720

	R.Twingo
	845
	3480

	F.Ka 1.3i
	870
	3620

	O.Corsa 1.0
	940
	3740


Table 3.1 Weights of cars. Autocatálogo 2001.
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Figure 3.1 Weight of cars. Autocatálogo 2001

A mass of  800 Kg will be assumed, which is quite small but it would allow any security devises such as airbags or ABS and it will not be too costly.

As can be seen from the table is not very unrealistic to consider a car with 800 Kg and perhaps a total length around 3.7 m.

3.1.2 Drag coefficient

In the following table and graph are compiled some drag coefficients, from internet sources.

	 
	Cd

	O. G90
	0.22

	H Insight
	0.25

	Lexus LS430
	0.25

	R Smile
	0.25

	Lupo 1.2 Tdi
	0.29

	O.Calibra
	0.29

	T.Echo
	0.29

	S. Octabia
	0.3

	T Celica
	0.31

	R.Twingo
	0.35
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Table 3.2 and figure 3.2. Drag coefficients

http://www.motorshow.or.jp/show99/English/CONCEPT/opl01.html
http://www.honda.co.uk/news/technicalinfo.html
http://www.volkswagen.vw-audi.es/lupo3L/index_m.htm
A drag coefficient of 0.25 will be assumed as far as the Honda Insight or the Renault/Greenpeace Smile. Also a frontal area of 1.9 m2 will be assumed, which  is what the Smile has. This frontal area could be a little small for a length of around 3.7 m. This fact will derive into a car with small frontal area, but large length, similar to a small van, like the Dahaitsu move wagon, but less tall.
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Figure 3.3 Dahaitsu move wagon. 

(from http://www.ingway.co.jp/~daihatsu/catalogue/move/index.html)

3.2 Formulae and other assumptions

For calculating the brake mean effective pressure the following relationships are going to be used:

Prequire = (FDrag resistance + Frolling resistance + F acceleraion resistance + Fclimbing resistance) * V
(3.1)
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CD is the drag coefficient, ( is the air density, A is the vehicle frontal area and V is the vehicle velocity.

For the rolling resistance there are several empirical relationships. The most important factors that affect the rolling resistance are the  kind of tire, the  inflation pressure and the velocity. In  Aparicio ( 1995) and in Bosch (1996) is possible to find  a relationship similar to:
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Where M is the mass of the car, g the gravity

 fo , fr and n depends on the kind of tyre, on the road surface and on the inflation pressure.

As fr do not affect to the final resistance too much, and this is a first approach to the problem, it is going to be considered null.

The value for fo is it going to be fo = 0.013, as can be seen in both references that is a common value.
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Where me takes into account the inertia of the rotating parts. It is most commonly expressed the effect of the rotating masses with the rotating mass factor (
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), as shown in (3.4).

Aparicio ( 1995 ) shows the next expression for 
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Where G is the gear ratio.

For the climbing resistance, the following formula would be used
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Where 
[image: image29.wmf]a

 is the angle of the incline.

As the ECE 15 is performed in a flat road, Fclimbing resistance = 0

Formula (3.1) shows the power required by the car. The power required from the engine is given in (3.7) by doing (3.1) over the gear chain efficiency ( and adding to (3.1), (3.2) to (3.6).
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(3.7)

The relationship between power and pressure is:
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Where VH is the sweep volume and ne is the engine velocity that can be obtained from:
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Where r is the rolling wheel radius.

The density of air ( at sea level, 1 atm and 288o K is 1.225 Kg/m3 (Aparicio 1995)

For  the gear chain efficiency ( it is going to be considered (= 0.95. as suggested in Bosch (1996).

The next step is to  estimate the radius of the wheel. Before choosing it, it is necessary to point that a tire specification is usually presented in this form: b/s R d (Aparicio,1995). Where b is the width and s is the shape value, R means radial ply and d is the wheel diameter in inches.

Hence:
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Total diameter = d + 2h
(3.11)

Some examples of tyres cars with good economy are (autocatálogo 2001): Smile tyres: 145/60 R14 (Total radius  = 265 mm), Honda Inshight  tire: 165/65 R14 (Total radius  = 285.25mm), Opel Agila and Astra: 155/65 R14 (Total radius  = 278.75mm), Hyundai Atos: 155/70 R13 (Total radius = 273.5 mm).

It is going to be used the tires of the Opel (155/65 R14)  because it gives an intermediate radius and are more common.

Other important parameters for calculating the bmep and torque are the gears ratios. These gear ratios should be obtained from a gasoline vehicle and with similar swept engine volume to the supposed vehicle, in order to obtain an adequate configuration. In section 3.7 could be found a sensitivity analysis of the bmep with mass, gear ratios and drag coefficient.

As mentioned before, to make calculations about the bmep and torque required to pass the ECE cycle, it is needed to define a vehicle. As the defined vehicle  for a starting point is  800 kg and 1000cm3, the gear ratios used are from the Hyundai Atos (999 cm3 and 818 Kg), from Autopista 26 (December 2001).
Note that the gear ratios are very important for fuel economy and must be designed by for a specific engine, as discussed in chapter 2. As it is impossible for the author to design an engine and also the gear ratios due to the time available, the gear ratios are going to be fixed to the ones of Hyundai Atos, which characteristics can be seen below. 

Please note that this is an important parameter and should be studied in future work.

	


	Gear number
	Gear ratio 
	Total gear ratios
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	1
	3.54
	16.04
	1.68

	2
	1.95
	8.83
	1.24

	3
	1.31
	5.93
	1.13

	4
	0.92
	4.17
	1.08

	5
	0.78
	3.53
	1.07

	Final
	4.53
	
	


Table 3.3 Gears ratios


Autopista. 26 December 2001

3.3 Summary of car parameters assumed

In the following table are collected a summary of the main car parameters that have been assumed and are going to be maintained during the whole thesis.

	Main car parameters assumed

	Mass
	800 Kg
	(3.1.1)

	Drag coefficient
	0.25
	(3.1.2)

	Frontal area
	1.9 m2
	(3.1.2)

	Gear ratios
	Hyundai Atos
	(3.2)

	Tires
	155/65 R14
	(3.2)

	Gears efficiency
	0.95
	(3.2)


Table 3.4 Main car parameters assumed

3.4 Bmep calculation

In this section is going to be calculated the bmep required from a 1000 cc car with the car data assumed over this chapter and mainly compiled in the previous table. This, in order to validate the assumed data.

The EC Type I test has two parts: urban test called ECE 15 and extra urban test called EUDC. The numeric definition of both cycles is contained in EEC Directive 70/220/EEC and if the reader is member of Dieselnet he/she can find it in: http://www.dieselnet.com/standards/cycles/ece_eudc.html 

3.4.1 ECE 15

In this chapter for the calculation of the torque and bmep required to perform the ECE 15 are going to be used the gears shown in the following graph from Robertson (2000). In this graph is also presented the numeration of the point where the calculations were made. Note that at points where the car passes from accelerating to constant speed the condition taken is the acceleration one.
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Figure 3.4 ECE 15 cycle

Robertson 2000

The results of the calculations are summarized in the following table.

	Points
	Velocity (Km/h)
	Acceler

(m/s2)
	Gear
	Drag Force (N)
	Rolling R (N)
	F acceler

(N)
	Total Force

(N)
	Power

(W)
	Ne

(rev/min)
	bmep 

(bar)

	1
	0
	1.04
	1
	0.00
	102.02
	1402.53
	1504.55
	0.00
	0.00
	!

	2
	15
	1.04
	1
	5.05
	102.02
	1402.53
	1509.60
	6621.07
	2290.17
	3.47

	3
	15
	0.00
	1
	5.05
	102.02
	0.00
	107.07
	469.63
	2290.17
	0.25

	4
	0
	0.83
	1
	0.00
	102.02
	1122.02
	1224.05
	0.00
	0.00
	!

	5
	15
	0.83
	1
	5.05
	102.02
	1122.02
	1229.10
	5390.78
	2290.17
	2.82

	6
	15
	0.94
	2
	5.05
	102.02
	933.13
	1040.20
	4562.28
	1261.53
	4.34

	7
	32
	0.94
	2
	22.99
	102.02
	933.13
	1058.14
	9900.70
	2691.27
	4.41

	8
	32
	0.00
	2
	22.99
	102.02
	0.00
	125.01
	1169.70
	2691.27
	0.52

	9
	0
	0.83
	1
	0.00
	102.02
	1122.02
	1224.05
	0.00
	0.00
	!

	10
	15
	0.83
	1
	5.05
	102.02
	1122.02
	1229.10
	5390.78
	2290.17
	2.82

	11
	0
	0.62
	2
	0.00
	102.02
	609.96
	711.99
	0.00
	0.00
	!

	12
	35
	0.62
	2
	27.50
	102.02
	609.96
	739.49
	7567.85
	2943.57
	3.09

	13
	35
	0.52
	3
	27.50
	102.02
	470.05
	599.58
	6136.03
	1977.48
	3.72

	14
	50
	0.52
	3
	56.12
	102.02
	470.05
	628.20
	9184.22
	2824.97
	3.90

	15
	50
	0.00
	3
	56.12
	102.02
	0.00
	158.15
	2312.08
	2824.97
	0.98

	16
	35
	0.00
	3
	27.50
	102.02
	0.00
	129.52
	1325.54
	1977.48
	0.80


Table 3.5 Bmep calculation in the ECE 15 cycle

3.4.2 EUDC

The following graph presents the EUDC cycle with the points were the calculations were made.
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Figure 3.5 EUDC cycle

 http://www.dieselnet.com/standards /cycles/ece_eudc.html
The results of the bmep are summarized in the following table.

	Points
	Velocity (Km/h)
	Acceler (m/s2)
	Gear
	Drag Force (N)
	Rolling R (N)
	F acceler (N)
	Total Force (N)
	Power (W)
	ne (rev/min)
	bmep (bar)

	1
	0
	0.83
	1
	0.00
	102.02
	1121.93
	1223.96
	0.00
	0.00
	

	2
	15
	0.83
	1
	5.05
	102.02
	1121.93
	1229.01
	5390.39
	2290.17
	2.82

	3
	15
	0.62
	2
	5.05
	102.02
	609.91
	716.99
	3144.69
	1261.53
	2.99

	4
	35
	0.62
	2
	27.50
	102.02
	609.91
	739.44
	7567.35
	2943.57
	3.08

	5
	35
	0.52
	3
	27.50
	102.02
	470.02
	599.54
	6135.65
	1977.48
	3.72

	6
	50
	0.52
	3
	56.12
	102.02
	470.02
	628.16
	9183.67
	2824.97
	3.90

	7
	50
	0.43
	4
	56.12
	102.02
	370.40
	528.55
	7727.29
	1983.95
	4.67

	8
	70
	0.43
	4
	110.00
	102.02
	370.40
	582.42
	11920.96
	2777.53
	5.15

	9
	70
	0.00
	4
	110.00
	102.02
	0.00
	212.02
	4339.66
	2777.53
	1.87

	10
	50
	0.00
	4
	56.12
	102.02
	0.00
	158.15
	2312.08
	1983.95
	1.40

	11
	50
	0.43
	4
	56.12
	102.02
	370.40
	528.55
	7727.29
	1983.95
	4.67

	12
	70
	0.43
	4
	110.00
	102.02
	370.40
	582.42
	11920.96
	2777.53
	5.15

	13
	70
	0.00
	4
	110.00
	102.02
	0.00
	212.02
	4339.66
	2777.53
	1.87

	14
	70
	0.25
	4
	110.00
	102.02
	218.87
	430.90
	8819.52
	2777.53
	3.81

	15
	100
	0.25
	4
	224.49
	102.02
	218.87
	545.39
	15946.96
	3967.90
	4.82

	16
	100
	0.00
	4
	224.49
	102.02
	0.00
	326.51
	9547.16
	3967.90
	2.89

	17
	100
	0.28
	4
	224.49
	102.02
	240.76
	567.27
	16586.94
	3967.90
	5.02

	18
	120
	0.28
	4
	323.26
	102.02
	240.76
	666.05
	23370.12
	4761.47
	5.89

	19
	120
	0.00
	4
	323.26
	102.02
	0.00
	425.29
	14922.38
	4761.47
	3.76


Table 3.6 Bmep calculation in the EUDC cycle

In the following graph are compiled both tables to show clearly the bmep required to pass the European test cycle:
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Figure 3.6 Bmep required to perform the EC Type I test.

As there have been many assumptions, is necessary to validate the results obtained. It can be seen that the calculations are realistic by comparing the calculated graph with the one obtained via testing by Shillington (1998) and observing that the values are very similar.
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Figure 3.7 European urban driving cycle, speed and load conditions

 Shillington (1998)

The strategy for this thesis is design a small engine, with just enough torque to drive the European test cycle. As this engine will have lower swept volume, the bmep required to perform the European test cycle will be higher and therefore it will have good fuel consumption because it will perform the ECE cycle near WOT, near the optimum point of bsfc.

Please note that the bmep required will change mainly with the variation of the gear ratios, rolling radius, weight of the car and the drag coefficient as will be seen in section 3.7.

3.5 Minimum torque required to perform the ECE test cycle

It is not possible to use a bmep approach to find out the minimum engine size able to perform the European test cycle because in the definition of the bmep the swept volume is included and therefore each time it is done a change in the swept volume the above tables should be recalculated. On the other hand, the torque will not change with the swept volume, it will just change with the gear ratios. As the gear ratios are going to be maintained fixed, the maximum torque obtained in the following calculations must be possible to achieve it with the designed engine.

The new formulae used are the following ones.

The total resistance force F is
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(3.12)

While the torque required at wheels is
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By definition of gear efficiency, the gear efficiency (is
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(3.14)

 where Tw torque at wheels, ww  the angular speed at wheels, Te torque at the engine and we angular speed at the engine

With this formulae is derived the following formula for the torque at the engine:
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where G is the gear ratio.

The following table is obtained by using the data assumed all over this chapter, in the points were the bmep calculation were made and with the formulae from (3.12) to (3.15). 

	EUDC
	ECE 15

	Points
	ne (rev/min)
	Torque (Nm)
	Points
	ne (rev/min)
	Torque (Nm)

	1
	0
	22.4
	1
	0
	27.5

	2
	2290
	22.5
	2
	2290
	27.6

	3
	1262
	23.8
	3
	2290
	2.0

	4
	2944
	24.6
	4
	0
	22.4

	5
	1977
	29.6
	5
	2290
	22.5

	6
	2825
	31.1
	6
	1262
	34.6

	7
	1984
	37.2
	7
	2691
	35.1

	8
	2778
	41.0
	8
	2691
	4.2

	9
	2778
	14.9
	9
	0
	22.4

	10
	1984
	11.1
	10
	2290
	22.5

	11
	1984
	37.2
	11
	0
	23.6

	12
	2778
	41.0
	12
	2944
	24.6

	13
	2778
	14.9
	13
	1977
	29.6

	14
	2778
	30.3
	14
	2825
	31.1

	15
	3968
	38.4
	15
	2825
	7.8

	16
	3968
	23.0
	16
	1977
	6.4

	17
	3968
	39.9
	
	
	

	18
	4761
	46.9
	
	
	

	19
	4761
	29.9
	
	
	


Table 3.7. Torque required to perform the European test cycle.

From the above table, the target of this thesis will be obtain a small engine that gives at least 47 N m at 4750 rpm.

Please note that although this is the maximum it should be checked that the engine produces enough torque at all the specified speeds.

3.6 Theoretical calculation of the minimum engine size required

In this section some theoretical formulae will be used with some empirical efficiency data, to obtain an idea of the minimum engine size required to perform the ECE cycle.

Using Bosch handbook (1996) notation, the overall efficiency (e is related with the mechanical efficiency (m and the indicated efficiency (i  by the following expression 
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From Harrison (2000), it can be seen that the indicated efficiency (which he calls fuel efficiency) is around 35-40%. He also writes, as Heywood (1988), that a typical value for the mechanical efficiency at WOT is 90%.

Taking this values in (2.16) 
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By definition 
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(3.17)

where Pe is the effective Power required, mf the fuel mass flow rate and Hc specific calorific value of the fuel. For gasoline engines, typical value s are between 42- 44 MJ/Kg.

Taking the Power of the point which requires most power and torque (23370 J/s at 4761 rpm), the following fuel mass flow rate is obtained.
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Supposing stoichiometric mixture, the air mass flow rate would be 0.02154 kg/s.

By rearranging the definition of volumetric efficiency the following formula is obtained.
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(3.18)

Substituting with density of air 1.225 , volumetric efficiency 0.9 and at 4761 rpm, all in proper units, it is obtained a minimum swept volume required of 0.49 litres.

This value will allow a check of the order of magnitude of the computational results and to show the differences between a very simple calculation and a computational calculation. Note that many of the values taken are quite big and therefore this will lead into a quite small swept volume. This means that this value would be a low limit for the swept volume that will be obtained by simulating in AVL Boost.
3.7 Sensitivity analysis of the bmep versus weight, drag coefficient and gear ratio

In this chapter many assumptions have been made about the car in which the engine designed in this thesis would fit. In order to show the influence of some parametersa sensitivity analysis will be performed.

For the mass and the drag coefficient sensitivity analysis will be used points 7 and 14 from the ECE 15 and points 8 and 18 from the EUDC, because are the ones with higher bmep and with different characteristics.

These analysis could have been done in torque or in bmep, but it was preferred to do it in bmep, because the reader could check the values obtained with those presented in figure 2.7 from Shillington (1998).

3.7.1 Mass
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Figure 3.8 Effect of the mass in the bmep

As expected, increasing the mass, the bmep required increases. The mass has bigger influence in the urban cycle (blue line) because in this cycle all the mass has to be accelerated many times. But also is important to highlight that it also makes an important contribution in the EUDC due to the term of the rolling resistant and by the acceleration produced also in this cycle.

3.7.2 Drag coefficient
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Figure 3.9 Effect of the drag coefficient in the bmep

As expected, the drag coefficient does not affect in the urban cycle because it is defined by low speeds operations and therefore low aerodynamic drag forces as they depend on the square of the velocity as seen in formula (3.2).

3.7.3 Gear ratios

For this purpose are analysed the gears of the Hyundai Atos of 1litre, the Opel Agila of 1litre and Ford Ka of 1.3litre.The data of the gear ratios was obtained from Autopista number 2163 (2001) and Deacon et al.

 It is included also the same gear ratio of the Ka as it would have 1litre.


[image: image49.wmf]0

1

2

3

4

5

6

7

8

H Atos 1l

O. Agila 1l

F. Ka  if "1l"

F. Ka 1.3 l

Car gear ratio

bmep (bar)


Figure 3.10. Influence of the gear ratio to the bmep.

It is possible to see that both the sweep volume and the gear ratios will affect the final bmep required from the engine and therefore fuel consumption.

Some modification in gear ratios for improving fuel consumption can be found in Deacon et al.

Chapter 4                                               Initial consideration for the engine modelling

For the simulation work of this thesis is going to be used an engine simulation program called AVL Boost, that will be explained in the next chapter. Although it is one of the best engine simulation programs in the market, it has some limitations and there are some important parameters such as valves configuration, turbulence and combustion stability that it does not take into account. As this elements can make a great contribution to the engine performance a discussion about them is going to be undertaken in this chapter. Also some information about input data needed by the program as the fmep and the flow coefficients of the valves is compelled in this chapter.

4.1 Valves

One of the most important design parameters that will affect the performance of an engine are the valves: number, size and arrangement,  motion shape,  lift and  opening time.  All these parameters have a great influence over the final engine characteristics and therefore a deep discussion is going to be made at this point and in appendix 4.1 and section 5.5.1.

4.1.1 Size, number and arrangement of valves per cylinder

The size, number and arrangement per cylinder of the valves not only enables the required amount of charge to enter the cylinder, affecting the volumetric efficiency, it also determines the turbulence inside the cylinder and therefore affects the combustion. The combustion stability and the turbulence are not take into account by AVL Boost therefore it is necessary to do a summary of ideas involved in the valve size, number and arrangement decision.

Heisler (1995) discuss the effect of the number of valves, cylinder head inclination and valve configuration on engine breathing.  It is established that to increase engine breathing it is better to have big number of small valves rather than few big valves, because it will provide bigger effective inlet and exhaust areas (Heisler 1995). As a consequence more air can be introduced into the cylinder and hence the volumetric efficiency is increased. As well it is beneficial to incline the chamber roof because it will allow bigger valves.

The number of valves, their configuration and the port design determine the cylinder turbulence. The turbulence will determine the ignition delay, combustion duration and combustion stability.  There are two macro-turbulence motions determined by the inlet valves: tumble and swirl.
Tumble is a motion of rotation about an axis orthogonal to that of the cylinder as seen in figure 4.1. It is promoted mainly by four valves per cylinder engine and specially with a pent-roof combustion chamber. This rotary motion degenerates (Wilson et al, 1993 ) into micro turbulence as the piston approaches top dead centre (TDC). This micro turbulence increase the flame velocity during the 10-90% mass fraction burn period, also called the burn period. This tumble motion (Hu et al, 1992), increases cylinder turbulence resulting in higher flame speed and combustion rate, improving cyclic combustion stability and extension of lean operating limit.
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Figure 4.1. Tumble motion. Wilson et al (1993)

Swirl is a motion of rotation about the cylinder axis as seen in figure 4.2. It is promoted by an asymmetric intake port design, or better, by single inlet valve. It is also promoted by the port design. The drawback of the swirl generation is that it increases the flow losses reducing the volumetric efficiency.  The swirl motion (Wilson et al ,1993) continues throughout the combustion period and aids the flame kernel development reducing the 0-10% mass fraction period or ignition delay. It also stabilize and improve the combustion. High swirl (Poulton, 1997)  breaks down into beneficial turbulence caused by squish at the end of the compression stroke, helping to propagate the flame quickly and enhance combustion. Note that this is only true for those combustions chambers which produce squish. This beneficial effect to the combustion, allows to have lean burn combustion as seen in the AFR tolerance of Wilson et al (1993).  This paper also shows that with swirl technique (one operating valve), there is an improvement in the peak cylinder pressure, increasing gross bmep, but it also increases the pumping looses, as can be seen in the following picture.  As a result , by using just one inlet valve the bsfc is bigger than using two. 
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Figure 4.2. PV diagram comparison between 4 and 2 valves

Wilson et al (1993)

Also, it is possible to see the improvement in combustion of the swirl motion in the following chart from  Soderberg and Johansson (1997).
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Figure 4.3. Net indicated efficiency for the different valve strategies of gasoline engines.Soderberg and Johansson (1997)

It can be seen that an improvement in indicated efficiency of the standard single cam (SSC) over the standard double cam (SDC). This will not always mean that the single cam will have better fuel economy, because the mechanical losses, where the pumping losses are, are not included.

 Soltani and Veshagh (1998) report that a single valve operation mode has the same volumetric efficiency over the engine speed range of 1000 to 3000 rpm than dual intake port mode. However, they report that at higher speeds the volumetric efficiency of the single port mode may be adversely affected by the choking of the flow in the active port. This will offset the advantage of single intake port operation. They also report that the mean turbulence kinetic energy near the end of the compression stroke for the single intake port mode is more than twice as large as for the standard mode.
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Figure4 4. Swirl motion. Wilson et al (1993)

Gasoline engines (Pearson,1995) with multiple inlet valves (mainly tumble motion) offer large effective flow area which is desirable at high engines speeds in order to produce maximum power but at low engine speeds, and in particular at low loads, gas velocities and hence turbulence levels are low and this limits the propagation speed of the flame and EGR tolerance. Also, as explained in Austin et al, the 4 valve engine produces higher bmep particulary at higher engine speeds and there is no significant deference in bsfc in the region of the map where most operations occurs during normal driving, but 4 valves are better as can be seen the following graph.
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Figure 4.5. 4 Valve vs 2 valve Engine Map. Austin et al.

One inlet valve in gasoline engines became compulsory when a lean burn strategy is used because the swirl motion promoted by the unique inlet valve improves and stabilize the combustion. This technique is used in gasoline engines with regular  port injection  with a lean burn mode. Examples of this technology are: port deactivation engines and in Honda VTEC-E engines.

Although one valve promotes swirl motion and this produce a great improvement in the combustion it has as a drawback in the reduction of volumetric efficiency. As a result of both effects, a gasoline engine with 4 valves has better fuel consumption  than a 2 valves one. Moreover, 4 valves engine can improve fuel consumption by having asymmetric valve opening as proved in Wilson et al and explained in Soderberg-Johansson (1997) or will allow variable valve timing and switching into one valve mode. Therefore for the engine simulations done for this thesis, 4 valves will be used. 

4.1.2 Other valve considerations

The number and arrangement of valves with the cylinder head shape determines the position of the spark plug. This position determines the flame front travel distance that should be minimized. This distance is minimized with a 4 valves engine because it situates the spark plug in the centre of the cylinder.

 In a two valves engine is better to have twin spark plugs (Heiser, 1995), because it reduces combustion duration and increases combustion stability, reducing cycle-to-cycle variations and  improving lean and part load operation conditions.

There is also another important parameter which affects the engine characteristics: the port /valve configuration. It is explained in detail in Pearson et al (1995) and in Heisler (1995)
4.1.3 Valves size

The size of the valves is mainly, as discussed previously, determined by the bore size, the inclination of the chamber roof and the number of valves. Due to the advantages discussed before it was decided to consider a pent roof chamber with four valves. As the maximum valve size will depend in just on the geometry, it was used for the valves size the upper values of the following figure of a pent roof chamber given by Robertson (2000b).
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Figure 4.6. Valves sizes for a pent roof chamber with four valves.

Robertson b.(2000)

4.1.4 Valve profile

The most important parameters involving the valves are the valve opening time, the lift and the duration, that are going to be studied in section 5.5.1. It is also important to have a descriptor of the cam profile that will define the valve lift curve. This descriptor should be able to provide a valve lift curve with the desiderate parameters: valve opening time, valve lift and valve duration. For this purpose the author wrote in Visual Basic a program called “Valve lift program”, that is explained in appendix4.1.

 This program is a useful tool to analyse the effects of valves in engines by providing a quick descriptor of the valve lift that can be immediately introduced in AVL Boost or in any other engine simulator program.

4.2 Flow coefficient

The flow coefficient is defined as the quotient between the effective area of a section (Ae) and the reference area of the section (Ar).
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Although it is not as important parameter as others, it is mentioned because it is an input to AVL Boost and because there are different definitions of it and it is necesary to explain a method to use any of the different definitions. 

Harrison (2000) does a thermo-dynamic calculation and obtains the following expression, used by Boost (2000) (to calculate the pipes and valves flows. 
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(4.2)

where m is the mass flow rate, p01 in the inlet case is the  pressure in the cylinder in stagnation conditions (zero flow velocity) and p2 is the pressure in the intake manifold and a01 is the sound speed at conditions 01.

Note that the definition is the same if applied to a valve or to a restriction.

In the case of valves flow restrictions, there are three different reference area definitions:

1. Curtain area. 
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 with Lv the valve lift and Dv the diameter of the valve. Most of the authors, such as Stone (1999), Heywood (1998), Annand and Roe (1974) use this definition, but has the inconvenience that it defines the flow coefficient as a function of a variable area.

2. Valve area.
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. This is the area adopted by Taylor (1985).

3. Pipe area.. 
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This area is the used by Boost (2000).
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Figure 4.7. Curtain area flow coefficient. Stone (1999)
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Figure 4.8. Valve area flow coefficient. Taylor (1985)

It is possible to change from each flow coefficient definition, just by equating in all of them the mass flow rate.

Therefore 
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(4.3)

Despite AVL Boost using the flow coefficient based in the pipe area for the calculations, it uses as an input the valve flow coefficient. Then a scaling factor it is needed, which expression can be derived from the above relationship.
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where fsc is the scaling factor, nv number of valves, Dv valve diameter and Dp pipe diameter.

It is also possible to use in AVL Boost the curtain area flow coefficient by choosing the flow coefficient as a function of the non dimensional valve lift (Lv/D) and by multiplying all the curtain area flow coefficient numbers by 
[image: image65.wmf]÷

ø

ö

ç

è

æ

×

D

L

v

4

.  
(4.5)

Note that a good discussion of the effects of the valve design over the flow coefficient is done in Annand and Roe (1974)

The flow coefficient values used for the simulations performed during this thesis are those given by Taylor (1985) and shown in figure 4.8
4.3 Friction mean effective pressure (fmep)

One of the key points for improving fuel economy in passenger cars is the reduction of the friction mean effective pressure, as showed in section  at the beginning of chapter 2. It is also a parameter that is needed as an input for the engine simulation in AVL Boost, therefore it must be estimated before starting with the simulation. Before explaining the fmep values, it is compulsory to give a brief overview of the fmep, in order to clarify future explanations and in order to show how can it be reduced, as a measure towards the 3 litre car.

4.3.1 Introduction to the fmep

Before moving into the fmep, please note that any mean effective pressure is defined as:


[image: image66.wmf]2

_

_

n

Vd

Power

V

cycle

per

work

mep

d

×

=

=


(4.6)

Where Vd is the swept volume and n the rps.  
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Where (m is the mechanical efficiency.

These expressions show the relation between mep and power and mechanical efficiency and fmep. The friction mean effective pressure measures the mechanical losses produced in the engine. It could be defined as the difference of the  break mean effective pressure (bmep) and the indicated mean effective pressure (imep).
It is very difficult to predict the fmep of any engine because there are many parameters which differ from one engine to another. To understand the fmep and to estimate it, first of all the elements which produce the fmep will be studied and later some different empirical equations to estimate it will be considered.

The fmep is the sum of three kinds of losses expressed as work per cycle and per unit swept volume: pumping, friction (rubbing) and accessories.

a) Pumping losses.

Losses produced by the work needed to scaverage and fill the piston with air. The work lost per cycle can be seen in the P-V diagram of an engine, as the area between the exhaust and the intake. It is the area marked in the following graph.
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Figure 4.9 Pumping losses

Factors which lead toward high air capacity also reduce pumping losses. Examples are increase valve opening areas and increase valve flow coefficients.

At wide open throttle the pumping loss is minimized. Ferguson (1986) estates that is generally true that (pmep)wot (( fmep 

b) Friction (rubbing). 

Losses produced by the friction produced in the moving parts of the engine. There are four different kinds of frictions: hydrodynamic, mixed, dry and rolling. The common friction mechanism in an engine is the hydrodynamic: pistons, rings and bearings suffer this lubrication most of the time, as shown in the following graph from Rosenberg (1982).
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Figure 4.10. Operating lubrication regime for engine components

Rosenberg.(1982)

The hydrodynamic friction coefficient could be expressed as:
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(4.8)

Where f0 and f1 are constant which depends on the bearing geometry ,n is a constant which depend on the kind of bearing or in the geometry, ( is the viscosity of the lubricant., P is the pressure and L a characteristic dimension of the bearing

As the load in the bearings, piston and rings is the sum of the weight of the elements, inertia forces and forces due to gases pressure, Muñoz and Payri(1989) obtains the expression, expressed in terms of the mentioned elements.
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Where Cw, Ci , and Cg are constant which depend in the characteristics of the engine, L a characteristic length and Cm mean piston velocity

From the two above expressions is possible to give possible solutions to reduce the friction loses:

· Reduce velocity of the engine. The engine velocity affects directly the Cm by the relationship:  
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. Where s is the stroke and n the engine speed (rev/s).

· Viscosity of the lubricant. This affects f directly. Poulton (1997) explains that Renault has demonstrate that it could be reduce the fmep by 10% by using a lower viscosity oil such as 10W30 in stead 15W30, producing a three percent fuel saving during the European urban cycle.  Also it is important to have a fast engine oil warm up to have quickly low viscosity of the lubricant. This could be achieved by circulating less volume of lubricant during warm up and then the remainder being introduced as the engine temperature rises.

Both effects can be seen in the following graph given by Poulton (1997).

[image: image73.jpg]Engine friction FMEP (bar)

Influence of lubricant temperature on engine friction

———
. * 15W40
- =10w3o |
. [_aswso |
PEEEN
e
4 L4
‘A‘ a *
N “ s .
N
% w l'-o.‘ &
& a8,

Oil temperature (deg C)





Figure 4.11  Influence of oil temperature and viscosity on engine friction

Poulton (1997).

· Smaller engine and less weight of the movement parts. This would affect Cw and L.

· Others:

· Bigger clearances between the piston and the cylinder.

· Pistons with small skirt.

· Few rings and with small radial pressures

· Big clearances in the bearings.

Note that this last solutions will reduce friction, but will produce other problems such as  more oil consumption and more mechanical noises.

c) Accessories. 

Work per cycle to drive engine accessories per unit swept volume.

This work varies a lot between one engine and another. When not any data is available Lee et al (1999) and Muñoz et al (1989) suggest to use Bishop (1964) expression:
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where n is in rpm and pma in kPa.

4.3.2 Observations

Please note that all the imep that the author always refer is gross imep. It is the work delivered to the piston over the compression and expansion strokes only and therefore the pumping losses has not been already subtracted..

 Also note that Boost defines imep as: 
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 and therefore it is net imep because it is the work delivered to the piston over the entire four stroke cycle. As Boost (2000) defines fmep = bmep-imep,  they are defining as fmep just the contribution of the rubbing friction and the auxiliaries and they are not taking into account the pumping losses. Pumping loses are calculated separately by the main program.

Please note that it is going to be referred as fmep the fmep which includes pumping loses, rubbing friction and auxiliaries, while it is going to be named as Boost fmep the one used by Boost and which includes just rubbing friction and auxiliaries. Please also note that Heywood (1998), Bishop (1964), Ferguson (2001) and most authors call fmep the same as in this thesis, the one that includes pumping losses. The advantage of the Boost definition of fmep is that as it has not included pumping losses, the same correlation will be able for use at part loads.

Therefore the fmep needed as an input to Boost  program must be the fmep obtained in any of the correlations discussed between this chapter and appendix 4.2 (total friction mean effective pressure) minus the pumping losses. 

The pumping losses are given by Boost program as imep gas exchange. Hence, it is needed to guess the pumping losses (or use one correlation for pumping losses), subtract them from any of the fmep following expressions, simulate in Boost program and then compare the obtained pumping losses with the guessed and iterate.

4.3.3 Quantification of friction and accessories losses.

The different contributions to the fmep and ways of improvement have been mentioned, but no quantifications have been given. In Rosenber (1982), in Bishop (1964) and in Heywood (1988) is possible to find a breakdown of rubbing and accessory friction mean effective pressure, as seen in the following graph from Heywood (1988).
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Figure 4.12. Rubbing and accessory mep vs. engine speed. 

Heywood (1988).

As a result of this data, Heywood suggest a rubbing and accessory friction break down as follows: piston assembly 50%, valve train 25%, crankshaft bearings 10 % and accessories 15%. Please note that this would be the full break down of the fmep introduced to AVL Boost.

a) Heywood equation 

Heywood (1988) obtained the following correlation for SI engines between 845 and 2000cm3 at wide open throttle as a function of the speed. . It usefulness will be discuss in part  c of this section.
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This is the only empirical equation that it is possible to use with the information of the engine available and therefore the only correlation explained in this chapter. More complex models are discussed in appendix 4.2. 

Please note that this study about fmep models was done because friction is one of the most important energy looses in the car as shown in figures 1.1 and 2.2 and because it will be useful as a reference for future engine simulation works.

b) Bishop. Further models.

The more complex the model and the more parameters it has, hopefully the better descriptor of the fmep phenomena it will be. For this thesis these models are useless because they require a great amount of data from the engine, that will be obtained in later steps of the engine design. But it is important to highlight the importance at early stages of the engine design, in order to improve the engine performance and fuel economy.

In addition to the simple models explained in this chapter and appendix 4.2, more complex models with equations for each of the elements of the fmep break down are available in Heywood (1998), Bishop (1964) or in Lee et al (1999).

For example Bishop (1964) divides the fmep into five components: crankcase mechanical friction, compression-expansion pumping loop losses, exhaust and inlet system throttling losses, combustion chamber and valve pumping loop losses and piston mechanical friction. He also divide some of them and study them separately, giving a expression for each of the elements he studies.

The importance of Bishop’s paper (1964) to this thesis is that he does a deep analysis of many design and operating engine variables on friction and economy. Some of his conclusions are:

· Moderate amounts of inlet system pressure loss have a pronounced effect on high speed power and full – throttle specific fuel economy.

· At high speeds, motoring friction decreases as the engine is throttled because of the predominance of mechanical piston friction relative to pumping friction. At the lowest speeds the converse is true.

· There is some speed at which the best compromise between heat losses and frictional losses exists and the specific fuel consumption is optimised.

· The friction and economy are improved with less number of larger cylinders.

· Although the friction increases with compression ratio, mechanical efficiency either stays constant or improves at higher ratios.

· Increasing engine displacement has an adverse effect on economy.

· The effect of valve size is quite small at the lowest speeds but are appreciable a the highest speeds.

· Bore/stroke ratio it has very small effect on fuel economy, in contrast with what it was thought before the author published the  paper. Moreover,  it has more effect with high speed engines than with low speed ones. 

c) Friction used

At the depth of this thesis, it is not possible to use refined models and therefore the only available formula to estimate the friction is Heywood’s (1988). But even to apply this formula, it is necessary to subtract the pumping loses, therefore it is needed to do a first simulation to obtain an idea of pumping values. For the first simulation the friction used in the Boost Demo ottoserie was used. In order to compare the value obtained with Heywood’s (1988), the pumping loses are added to Boost fmep, obtaining the following graph.

The values used in the Boost Demo file are from an Opel Astra 2 litres as said in exercise 6 of the web page of Chalmers university, Sweden, in the address http://www.tfd.chalmers.se/~ronny/apm/apm_design_task.html.
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Figure 4.13. Fmep comparison

 It can be observed that Heywood (1988) gives bigger values, the reason for this is that he used American car data, that are more inefficient cars than European cars and because it is based in quite old cars (before 1988).

As the values given in Boost are from a market car and give lower values, it was decided to use the Boost fmep values.

Note that the values  of fmep of a small engine of about 0.7 litres swept volume will be even smaller that the Opel’s values due to the reasons mentioned in 4.3.1 and in 2.9.2, but the author has not any tool at the depth of this thesis to estimate the effect of smaller engine. 

Appendix 4.1. Cam design

The motion of the valve is determined by the cam profile and is needed as an input to AVL Boost. Before moving into possible approaches to define it, it is necessary to mention some conditions that the cams have to comply with and which will limit the cam shape.

In order to fit the valve tightly, it is necessary to have some clearances in the valve mechanism to absorb expansions and wear. This clearance should be absorbed at the beginning of the ramp, in a zone of constant velocity and with a velocity which produces low values of impact forces, produced when the follower finds the ramp. Then the valve should suffer a quick lift, producing high acceleration, zone A. Finally the valve is decelerated to a zero velocity in the maximum lift point. Important limitations to the system are the impact forces and the dynamic forces produced by the accelerations.
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Figure A4.1.1. Cam profile and cam acceleration

There are also some important specific points. Points 1,3 and 5 are determined by valve timing and valve lift and points 2 and 4 are limited by the chosen limits on valve gear load and spring load.

It is necessary to have a mathematical descriptor for the valve lift profile in order to obtain the desired valve lift for later use it in an engine simulator program or to manufacture the valve. But also it will be need to be aware that the actual valve motion differs from the designed motion due to valve-gear elasticity, Taylor (1985, p543, vol 2).
A4.1.1 Cam description

There are several mathematical approaches to describing the cam profile as discussed in Heisler (1995). The following methods are discussed: three arc cam, constant velocity  cam, constant acceleration cam (parabolic), simple harmonic, cycloidal cam, multisine wave cam and cam with quietening ramps.

A few years ago, the most common approach to describe the valve motion and cam shape were to use polynomials. But nowadays, as discussed in Mosier (2000), they have been replaced by spline descriptors because they are much powerful mathematical descriptors. With this mathematical approach, the lift can be defined by lift points (e.g. at low speeds) or can obtained as integrals of the acceleration, e.g. at high speeds where the dynamics are very important. The most commonly used spline bases are the B-splines and knots, Mossier (2000).
Further description of the design process of the cam follower motion and  cam profile can be found also in Mosier (2000).

It is necessary to describe the lift profiles of the valves to  introduce them as an input to AVL Boost. To describe the lift profile, for this thesis, the polynomial approach has been chosen because is easier to use than the splines and because it is not needed a degree of profile refinement that will make the splines description necessary. The polynomial description used was found in Muñoz and Payri (1989) and is defined as follows.
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Where L is the valve lift, ( is the crank angle.

 a, e, i, u are variables and Ci are coefficients that are defined as: 


[image: image81.wmf](

)

(

)

(

)

(

)

2

2

2

2

2

2

L

u

i

e

a

L

u

i

e

a

C

×

-

×

-

×

-

×

-

×

×

×

×

-

=



[image: image82.wmf](

)

(

)

(

)

(

)

a

a

L

a

u

a

i

a

e

a

L

u

i

e

C

×

-

×

-

×

-

×

-

×

×

×

×

=

2

2



[image: image83.wmf](

)

(

)

(

)

(

)

e

e

L

e

u

e

i

a

e

e

L

u

i

a

C

×

-

×

-

×

-

×

-

×

×

×

×

-

=

2

2



[image: image84.wmf](

)

(

)

(

)

(

)

i

i

L

i

u

e

i

a

i

i

L

u

e

a

C

×

-

×

-

×

-

×

-

×

×

×

×

-

=

2

2



[image: image85.wmf](

)

(

)

(

)

(

)

i

u

L

i

u

e

u

a

u

u

L

i

e

a

C

×

-

×

-

×

-

×

-

×

×

×

×

-

=

2

2


The main problem of this equations to define the lift is that it is not clear the influence of each parameter and as well it gives the maximum opening point at 0 crank angle and it does not allow to define the valve opening time. Therefore a program was made in Visual Basic in order to solve this facts and to provide a complete interface to calculate the valve lift.

A4.1.2 Valve lift programs

The valve lift program is made in Visual Basic, in order to control an Microsoft Excel interface. It consist of 4 main subprograms: calculations and drawing, change sheet, plot sheet and real  lift. All of them are associated to buttons to make the interface easier.

These programs made possible the study done in point 5.5.1.

a) “Calculation and drawing” program

This program cleans completely the Excel sheet, including the graphs. Then it ask for the number of points to develop an initial table. From this initial table table, it  extracts and draw automatically only the useful data: positive lift values of the previous calculated table. Further explanation is given in the following picture.
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Figure A4.1.2. Principal Excel sheet of the created program.

b) “Change sheet” and “plot sheet” programs

“Change sheet” and the “plot sheet” programs where made to allow to see the influence of the different parameters of the valve lift formula.

“Change sheet” program changes the table obtained by the “calculation and drawing program” and moves it into another Excel sheet called  plot sheet.  This operation can be made as many times as the user wants. All the moved tables will be stored in order in the plot sheet.

When the user considers he/she has enough tables to compare, by using the plot sheet button, it will plot all the different tables of the plot sheet.

Note that despite the tables stored in the plot sheet have different sizes, all of them will be plot in a unique graph, allowing an easy comparison between them. Further information can be seen in the following picture.
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Figure A4.1.3 .Plot Excel sheet of the created program

c) “Real lift program”

The “calculation and drawing program” will produce a table that describes just a half of the cam shape with the lift the user would have specify. This values are useless because the user did not specify the opening time and the maximum opening point. This specifications are introduce by the “real lift program”. This program will ask for a x scaling factor (to adjust the opening time), for a y scaling factors (to allow to correct possible shape distortions due to the x scaling factor) and for the degrees at which the maximum opening point will occur. Then a new table, a new graph and the user inputs will be presented in new Excel sheet.

This last table obtained can be directly introduced to  Boost program. Further explanations are given in the following picture.
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Figure A41.1.4. final lift Excel sheet of the created program

Appendix 4.2. Fmep

In this appendix are going to be explained the procedures to estimate the fmep and fmep models that are more complex than the Heywood’s, explained in chapter 4. 

The main reason for this appendix is that the fmep is one of the key points for improving fuel economy in passenger cars, as showed in sections 4.3.1 and in 2.9. and therefore further explanation from the given in chapter 4 was needed. Also it was included because it will be useful for future engine simulation works.

A4.2.1 Measurement methods of the fmep

To obtain any of the following fmep expressions, the authors of the following models had completed many engine tests and with the data obtained by applying different mathematical approaches, they have obtained different fmep equations. 

Muñoz and Payri (1989) and Ferguson explain four methods to measure the fmep, which are briefly explained below.

1. Measurement of fmep from imep. The fmep is the difference between break mean effective pressure (bmep) and indicated mean effective pressure (imep). To obtain the imep is needed accurate pressure data versus crank angle, which is not easy. Just this method gives the exact value for the fmep.

2. Direct motoring test. It is calculated by measuring the power needed to motor the engine. Even though it gives an underestimation of the fmep as discussed later, it is wide spread used because is the only method that allow to measure the losses of each element by removing elements.

3. Willans line. It is obtained from a fuel consumption plot versus brake output obtained from engine tests and extrapolating to zero fuel consumption.

4. Morse test. The fmep is obtained by measuring the reduction in brake torque when one of the cylinders is cut out from firing.

Another point to take into account is if the data obtained to generate correlations comes from a motored engine or from a firing engine. The motored engine gives less fmep, mainly due to:

· It has lower pressures and therefore lower gas loading and lower rubbing friction.

· Temperatures in motored operation are lower, producing grater viscosity of the lubricant and therefore increasing viscous friction. In the other hand, the clearances are bigger due to the lower temperature, which tends to make friction lower.

A comparison between motored an fired engines is provided by Heywood (1988) and by Ferguson (1986).
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Figure A4.2.1      fmep comparison between  gasoline engine motored and fired                                                                   

Ferguson (1986)

Ferguson (1986) states the fmep motored is equal to the fmep of a fired engine in diesel engines and in gasolines with low load. As can be seen in the figure, there is significant difference between motored and fired gasoline engines at high loads.

A4.2.2 Estimation of fmep

There are several empirical equations for estimating the fmep, each one uses different parameters and needs different degrees of definition of the engine. They are going to be introduced in order of complexity, and therefore the order of use in an engine design process.

a)  Heywood equation (1988)

It is described in chapter 4. It is mentioned in order to clearly show the order of complexity of each model
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b)  Arsie et al (1999)

This paper discuss first of all two complex models to estimate the mechanical efficiency, that is equivalent to estimate the fmep as shown in equation 4.7. These models are Rezeka-Henein and Patton-Nitschke-Heywood.

The first model takes into account the losses due to piston rings viscous lubrication, losses due to mixed lubrication of piston rings near top dead centre, loses due to piston skirt friction, valve train friction, auxiliaries and bearing friction.

The second model takes into account friction losses in crankshaft bearings, reciprocating components, valve train, auxiliary and pumping losses.

They also give a simpler equation to calculate the mechanical efficiency, based in non linear regression of several engine conditions. This formula is not an accurate description of the physical phenomena of friction losses because it does not take into account lubrication regimes, oil film thickness and gas pressure. But as they prove, it gives very good results.
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With Pman  intake manifold pressure in Pa, Tman intake air pressure in ºC, N engine speed in rpm, T brake torque in Nm and mair intake air flow in kg/h.

Note that this formula is useless for the first approach to the simulation because it requires knowledge og  the torque, mass of air and intake manifold conditions, while these are not known before the simulation. But it is also important that the data needed to use this formula can be obtained from the output of any engine simulator program and it will be useful for future analysis.

c) Yagi et al equations (1990)

Yagi et al has shown by testing motorcycle engines that the fmep is nearly proportional to 
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 with B bore, S stroke and Dcm the equivalent crank diameter. The equivalent crank diameter depends on number of cylinders, diameter of crank journal and diameter of crank pin.

They also show that the pumping loss is proportional to 
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 where Vs is the stroke volume, Z the effective valve opening area and Ne the engine speed.

They suggest an empirical equation to estimate the fmep: 
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Where ( is the kinematic viscosity.

Limitations:

i. Oil temperature 80(2o C

ii. (= 2 l /S (3.7 (l conrod length)

iii. 0.6 ( 
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This formula incorporates new parameters compared with Heywood’s and Arsie’s, as the viscosity of the lubricant and some geometric parameters as bore, stroke and equivalent crank diameter. This formula needs to know estimate the oil viscosity and the equivalent crank diameter, that will imply to  have mostly designed the engine, with most of the geometric dimensions defined. 

Some values obtained by them could be seen to give an order of magnitude for the fmep are in the following graph:

[image: image96.jpg]TOTAL ENGINE FRICTION, Pmf(MPa)

05

=
=

o
o

o
>

o

o0 @ measured A3 4 I

— calculated

]
|
‘ L

0 2 4 6 8 10 12
ENGINE SPEED  (rpm)

16x10°




Figure A4.2.2 Comparison of measured and calculated fmep, when ( or ( (S Dcmc/B)

 are out of the specified limitations. Yagi et al (1990)

.

Even when the formula is out of its limitations, still being a good correlation between measured and calculated data. All the others out of specified limitations can be seen in similar graphs in the paper.

d)  Ferguson and Kirkpatrick (2001)

They give very useful formulae for each of the elements which contributes to the fmep. Although all this data is not useful for this thesis will be very useful for future works. Moreover, they have a program that calculates the fmep just by introducing some design parameters such as the bore, stroke, compression ratio, intakes characteristics and bearings diameters. This program is available in

http://www.wiley.com/college/mechs/ferguson356174/apps/friction/friction.html 

It is also interesting the break down they perform  the fmep of a diesel engine.

e)  Bishop. Further models.

The more complex the model and the more parameters it has, hopefully the better descriptor of the fmep phenomena is. For this thesis these models are useless because they require a great amount of data from the engine, that will be obtained in later steps of the engine design. But it is important to highlight its importance at early stages of the engine design, in order to improve the engine performance and fuel economy.

In addition to the simple models explained, more complex models with equations for each of the elements of the fmep break done are available in Heywood (1988), Bishop (1964) or in Lee et al (1999).

For example Bishop (1964) divides the fmep in five components: crankcase mechanical friction, compression-expansion pumping loop losses, exhaust and inlet system throttling losses, combustion chamber and valve pumping loop losses and piston mechanical friction. He also divide some of them and study them separately, giving a expression for each of the elements he study.

Chapter 5                                                    The AVL BOOST model.              Sensitivity analysis

5.1 Introduction to AVL BOOST

AVL Boost is a dimensional code that takes into account wall friction, heat transfer, energy losses in restrictions, volumes, and pressures pulses. There are available several different models for in cylinder combustion and heat transfer. There are also models for catalytic converters, injectors and measuring sensors.

AVL Boost consist of three modules: the pre-processor, the main program and the post-processor.

1. Pre-processor.  In the pre-processor, the calculation model of the engine is designed with a graphical user interface by selecting the required elements from a displayed menu. By applying thermodynamic parameters to each component of the model, a 1 dimensional structure along the gas flow is then build up and will be solved by the main program.

2. Main calculation program. The main program provides well optimised simulation algorithms for all available elements. The flow in the pipe is treated as one dimensional. Pressures, temperatures and flow velocities obtained from the solution of the gas dynamic equation represent mean values over the cross section of the pipes.

The elements available for designing an engine are: pipe, system boundary, internal boundary, cylinder with a quasidimensional combustion model, plenum, variable volume plenum/crankcase, flow restrictions, check valve, rotary valve, junction, air cleaner, fuel injector or carburettor, catalyst, turbocharger, turbocompressor air cooler, Fire link (3D flow simulator), waste gates, engine control unit, wire and dynamic link library.

3. Post processor. The analysis of the results is supported by an interactive post-processor.  It provides the following modes for the analysis of the calculated results: message analysis, transient analysis, traces analysis, series analysis and acoustic analysis.

For further information about each program or the thermodynamic bases in which BOOST is based, please refer to the Boost manual (2000).

5.2 Model representation explanation

In the this chapter different models are analysed, some of which have included a Boost preprocesor image, included to aid to explain the different configurations. These images are schematic representations of an engine model. Therefore in order to allow the reader to understand these models and future explanations, the following diagram is included, explaining the representation of each element. This is the final configuration used to generate the final results.
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Figure 5.1. Final model diagram explaned

5.3 Decisions made

In this section some of the decisions made regarding the engine are discussed

5.3.1 Bore/stroke decision

Nowadays most cars have the ratio bore/stroke equal to one. This ratio value affects the engine in different ways which produce opposite results but as Bishop (1964) said, it has low influence on economy.

It was decide to use a Bore/Stroke value of 0.95 because this will  increase the compression ratio, increasing the thermal efficiency and also because the engine will run slower, producing less friction.  The drawback of low value of bore/stroke is that implies smaller bore and therefore smaller valves, reducing volumetric efficiency. In contrast with what the author though when taking this decision, Bishop (1964) shows that it would be advantageous to have the Bore/stroke slightly above one.

5.3.2 Combustion model and combustion start

It was decide to use the Vibe (also written as Wiebe) model of combustion because it is the simplest. It express the rate mass fraction burn per degree of crank angle as a an exponential function of the crank angle and some coefficients (Vibe parameters). Then the rate of heat released is related with the mass fraction burn. For further information about the Vibe model please refer to Boost manual (2000) or to Harrison (2000). 

In this model the combustion start and combustion duration are needed as input data. For the combustion start, it was decided 5º of crank angle before TDC and, as suggested in the Boost manual (2000) , a duration of 50º of crank angle.

As the engine speed changes and the load changes the combustion start changes in order to achieve the best torque (MBT) or to avoid knock (Harrison 2000). As AVL Boost has not a knock model, no changes were made in the combustion start or combustion duration. This simplification will not make great differences, but the performance of the engine could be improved by using a spark timing map in the ECU and using the combustion model Hires/Tabacsinsky or by using a Vibe parameter map (Boost 2000).

5.3.3 Compression ratio decision

Nowadays gasoline cars have compression ratios around 10. Increasing the compression ratio will increase the thermal efficiency but the friction and heat losses will increase as well. As a result of this opposite effects, when increasing the compression ratio, the power output will increase and therefore the bsfc will diminish, but as Heisler (1995) writes, that will occur up to a compression ratio of 16:1. This improvements in bsfc and power can be seen in the following graph from Heisler (1995).
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Figure 5.2 Power and bsfc against compression ratio

Heisler (1995)

Note the great advantage of increasing the compression ratio to the fuel economy. But there is a limitation for increasing the compression ratio and it is that it will produce higher pressures and temperatures during the compression stroke, promoting knock. Note that the knock problem, will make the search for alternative fuels interesting and also note the importance of anti-knock additives in gasolines.

As Boost does not have a knock model  a 10.5 compression ratio was used.

5.4 Modelling process 

In this section some of the modelling decisions adopted are described. The most important decisions when starting the modelling were how to represent the throttle and how to represent four valves per cylinder.

The throttle was represented by a restriction, and in order to simulate the part load, its flow coefficient will be changed. It is necessary to highlight that the throttle is not a linear device and therefore a linear increase in the butterfly flow coefficient will not produce  a linear increase in imep or in torque. This is because although air mass is a direct function of the flow restriction coefficient (equations (4.1) and (4.2)), it also depends on the pressure drop in the restriction, equation (4.2), that does not have a linear dependency due to gas dynamics. This non linearity is the cause of the complex relationship between the flow coefficient and the load. The AVL Boost output data is processed by europeancycleprogram, (program made by the author) in order to determine the relationship between load and  flow restriction. More will be discussed about this in next chapter.

 There are two ways to model a four valve per cylinder engine: having two intake pipes and two exhaust pipes per cylinder or having just one of each. The first model will be compulsory to use if a turbulence model would be included in Boost, but as it is not, the second model was used because is more simple. When having one inlet pipe and one exhaust pipe, care must be taken in introducing in the valves input, instead the real valve diameter the equivalent diameter. This would be the diameter of a single valve which has the same area as the two real ones. A formula for the equivalent diameter is 
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Another key point in the modelling process is to decide which are going to be the initial conditions. In a industry, the initial conditions  will be obtained from a test bed, moreover,  it could be defined internally boundary conditions that will force the model to acquire the defined values at the boundary points. As  this was not the case, it was decided to do some simulation with reasonable input data and with measurement points in the pipes. Then the Boost global outputs in this measuring points were used as the initial values. It should be noted that there were no convergence problems due to the initial conditions when enough cycles (around 15) were calculated at each rpm. But when one configuration is unstable in the program, such as substituting the manifold junctions by plenums, the model becomes very sensitive to initial conditions. Moreover, in this case, the use of measurement point output values, does not solve the instability. In this case sometimes arbitrary values helped to overcome the instability problem.

Another key point on the modelling, was the representation of the restrictions of the intake systems. When an engine is being modelled, this restrictions will come from bends, expansions and junctions. The values for the flow coefficients in can be obtained in flow books such as Miller (as loss coefficient) or obtained via testing. The problem in this thesis is that the geometry was completely undefined. Therefore, as can be seen in figure 5.1 or in figure A.1 it was decided to use junction 2 as the main source of intake flow restriction. Also the Plenum 3 was included with flow coefficient smaller than 1. In the exhaust systems, junction 2 and the plenums are the ones which contributes as restriction.

5.5 Sensitivity analyses 

In the design process many parameters where changed in order to study the importance on engine performance and in order to find a good compromise between fuel consumption and performance. The main parameters studied were: cam configuration, pipes diameter and length, pipes configuration, plenum configuration and flow restriction coefficients. 

There are many other important parameters such as spark timing, combustion duration, vibe parameters, compression ratio or AFR that were not studied and optimised due to the short time available to perform this thesis, but that may be needed to investigate for future work.

In this section some of the above studies are discussed. The criteria used to decide between one configuration and another was to get a reasonable compromise between torque, power and bsfc curves at WOT.  It is necessary to remark that similar analysis can be found in many engine books such as: Heywood (1988), Heisler (1995) or Taylor (1985). With this analysis the author wants to show some of the steps which guide him to his final model and he also wants to take the opportunity to show the importance of these and other parameters to the final performance of the engine.

5.5.1 Cam configuration

As shown in the following graphs the cam lift, cam opening time and valve size have great effect to engine performance. To make an analysis of any these effects, it is essential to have a program, which calculates the valve profile automatically when changing any of these parameters. For this reason, the author of this thesis had created the program “valve lift program” as explained in section 4.1.4 and appendix 4.1.
The parameters changed for these analysis are included in the below table and the results at WOT can be seen in the followings graphs.

	
	
	Inlet
	Exhaust

	Graph number
	Lift      mm
	Duration ºCrank
	Opening time ºCrank
	Valves diameter mm
	Duration ºCrank
	Opening time ºCrank
	Valves diameter mm

	1
	7
	260
	340
	24
	260
	135
	20

	2
	7
	220
	350
	24
	220
	170
	20

	3
	7
	260
	340
	20
	160
	135
	16

	4
	10
	270
	340
	24
	260
	130
	20

	5
	10
	220
	350
	24
	220
	170
	20


Table 5.1. Cams configuration used in the analysis
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Figure 5.3. Power per cylinder against engine speed for different valve configurations

Figure 5.4. Torque per cylinder against engine speed for different valve configurations
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Figure 5.5. Bsfc against engine speed for different valve configurations

From this graphs was decided that  the 5th configuration is the best one because it gives adequate power, high-speed torque and high-speed bsfc. It also has the best bsfc at low speeds while is the second best in torque at low speeds. 

High torque at low speeds is important because provides good driveability as Harrison (2000) said, citing Tabaczynsky (1982).

Please note that in these results the torque and power have higher values than in the final results. The reason for this was that the swept volume for these calculations is 0.7 litres. They also have higher values than in the following comparisons, but this fact will be tackle in section 5.5.3.

5.5.2 Pipes length sensitivity

The intake runners length and the exhaust runners lengths were studied by keeping a baseline and changing each length at a time . As a result of these studies, as can be seen in the following graphs, it was found that in the model made, small changes to these lengths will not produce big changes in the engine performance but if great changes are [image: image134.emf]Power
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made (e.g. Intake from 300 to 1000mm), great changes will be appreciate, as Heywood (1988) shows.

Figure 5.6. Power per cylinder against engine speed for different runners length
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Figure 5.7. Torque per cylinder against engine speed for different runners length
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Figure 5.8 bsfc per cylinder against engine speed for different runners length 
It can be seen that the main changes produced by the intake length are changes on power and torque at high speeds and changes of bsfc at low speeds. A short intake runner will produce higher power and torque at high speeds but it will produce lower performance at low speeds. Also it will produce a smaller value of the bsfc minimum, but with the drawback of increasing the rate of change of bsfc at low speeds producing worst very low speeds fuel consumption. Further conclusions can be read in Heisler (1995)
From this study it can be said that long exhaust runners will produce an increase in peak power. Although it could be a convenience strategy to obtain a good performance engine, it is not feasible to use because the catalyst will be far away from the pistons, taking too much time to warm it up and therefore, producing high pollutant emissions.

5.5.3 Flow restrictions

The restrictions that exist in the intake system have a strong effect on engine performance. These restrictions are produced mainly by bends, expansions, friction and junctions. All of them have the characteristic that produce a pressure drop that is proportional to the square of the air velocity. The pressure drop will produce a diminution of the volumetric efficiency. As a consequence of this reduction, the torque/power will be lower, with lower bmep and therefore higher bsfc . Furthermore, as the restrictions affects with the square of the air velocity, this effects will be increased as the engine speed increases.

Different flow restriction values are the reason for the  differences between the cam configuration analysis and the runners length analysis values. In the cam configuration analysis, the values of the volumetric efficiency were slightly higher than one and therefore for the second approach the junction 2 flow coefficient was diminished, that implies higher restriction, in order to obtain more realistic values of volumetric efficiency. Although it is possible to achieve values of volumetric efficiency above one due to the ram and wave effect, the author did not want to be too optimistic and also as he can not validate his values with experiments, he preferred to be conservative.

In the following graphs are compared the baseline of the runners length analysis with the best cam configuration (5th graph) in order to show the differences between values and the importance of the flow coefficients.
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Figure 5.9. Volumetric efficiency against rpm for different flow coefficient values.
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Figure 5.10. Torque and Power against rpm for different flow coefficient values
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Figure 5.11. bsfc against rpm for different flow coefficient values 
From the above graphs can be seen the great advantage to engine performance and fuel economy that would be to have little restrictions, high flow coefficient values. This configuration could be achieved by straight pipes, with few junctions and few expansions. This would be difficult to achieve due to the car packaging, but one way that could improve volumetric efficiency an therefore torque and bsfc would be to have each cylinder fed with an independent intake system.

5.5.4 Plenums and side branch configuration

The inclusion of a plenum before junction 2 was studied its possible  effect to the engine (figure 5.12). Also a side-branch configuration without any plenum was studied (figure 5.17). The plenum and not plenum configurations are as shown in the following picture.
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Figure 5.12. Baseline configuration and Plenum configuration

The results of this study can be seen in the following graphs. It is possible to observe that the inclusion of this plenum in the place where it was fixed, will not produce any effect at high speeds. On the other hand, at low speeds can improve considerably the torque, producing a quite flat torque curve. Although it will increase the bsfc at very low speeds, the author considered for his last model that the improvements in low speed torque, and therefore in driveability (Tabaczynski, 1982), will overcome this increase in bsfc. 

Note that in this plenum a flow coefficient of 0.6 was assumed which that is quite low value. If the analysis were carried out with a flow coefficient of 1, bigger differences would be found and more advantages would be obtained by the inclusion of a plenum. The real value for the flow coefficients could be obtained as a function of the quotient of the plenum and pipe areas.

Note that the effect of plenum inclusion could be an important issue for future work
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Figure 5.13. Cylinder power against engine speed for plenum and sidebranch analysis
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Figure 5.14. Cylinder torque against engine speed for plenum and sidebranch analysis
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Figure 5.15. bsfc against engine speed for plenum and sidebranch analysis

From the below graph can be observed that the side-branch configuration (figure 5.17.) will increase high speed torque and peak power (figures 5.13, 5.14 and 5.15) without any drawback to the bsfc. The problem that this configuration has, is that there is a fluctuation in torque, bsfc and power between each cylinder. This fluctuation is 9.9% at 6000rpm,  bigger than the commonly used 8% value, used to reject engines with cylinder (Profesional engineering. Wednesday 25 July 2001).Please note that in the above graphs the values used were the average between each cylinder. In the following graph can be seen the imep cylinder fluctuation produced in the sidebranch configuration that prevent the use of this configuration.
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Figure 5.16. Imep cylinder fluctuation for sidebranch configuration

The main reasons for this differences are that each cylinder has different intake runner length and also because the different junction configuration provides the system with different gas dynamics than just with one junction.
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Figure 5.17. a) Junction with plenums b) Sidebranch configuration

The effect of locating using instead of junctions was studied. Although this can present manufacturing problems it was observed that can produce potential improvements to the engine. The results of this configuration are not included in this chapter because the program AVL Boost presented problems with it, as explained before, and it was not possible to produce simulations with similar engine parameters as the included in the chapter.

5.5.5 Swept volume decision

Initially were made some hand calculation, included in section 3.6, to give the author an idea of a minimum theoretical value for the engine swept volume. These calculations reflected a minimum value of the engine size of 0.49 litres. After the first approaches starting with 0.5 litres, it was seen that the smallest swept volume to be able to pass the European test cycle would have 700 cc. This is the reason for which the sensitivity analysis where carry out with 700 cc (0.7 litre) swept volume.

Although initially this configuration was just about to get enough torque to pass the test cycle, after the sensitivity analysis work, the author obtained enough torque from the engine to pass the European cycle. More over, as can be seen in the following graph, with the final configuration obtained, it seemed that may be a 0.6 litres swept volume may achieve the goal, but a more exhaustive analysis should be done.
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Figure 5.18 Engine torque required and available from different swept volumes

The above graph was constructed with the data obtained from the calculations shown in chapter 3 and compiled in table 3.7 (torque required to drive the European test cycle) and with the values obtained from Boost at WOT for different swept volumes. The trend line used is a quadratic interpolation because as said in Aparicio et al (1995), this interpolation order will fit perfectly any torque curve.

It was later proved that the 0.6 litre swept volume car was really able to perform the European test cycle when a complete engine map was constructed and when its consumption and feasibility was calculated by the program  europeancycleprogram, discussed in section 6.2.1.
Chapter 6                                                 Fuel consumption calculations and final results

This chapter explains the processing of the data produced by AVL Boost that will lead to a final fuel consumption result for the European test cycle.

6.1 Fuel consumption calculation programs

When engine maps are obtained from any engine simulator program, such as AVL Boost, it is necessary to include these maps in a program to calculate the fuel consumption in the European test cycle or in any other equivalent test cycle. In these programs it will be necessary to introduce data of the car in which the engine will be fitted. These data are the one assumed in chapter3 and summarised in table 3.4 to calculate the torque required to pass the European test cycle.

Although a free program called ADVISOR  from the U.S. Deptartment of Energy's Office of Transportation Technologies is available for this purpose in http://www.ctts.nrel.gov/analysis/download.html, it was decided that the author would write his own code. The main reasons for this were that it will allow to process the data as it comes from AVL Boost and it will provide high flexibility to analyse data for this thesis and for future work.

6.2 Description of the programs

The author wrote three programs in MATLAB to calculate the fuel consumption in the European test cycle: eropeancycleprogram, ecesubprogram and eudcsubprogram. 

These programs provide a flexible tool where any of the car parameters can be changed easily. They will identify any point of the European test cycle where the engine is not capable of producing enough torque in any of the gears, displaying an error message identifying the problematic points.

As the European test cycle is a velocity defined cycle, the programs will calculate the best gear shift to achieve optimum fuel consumption. 

Another important feature of the programs is that they use external data input files such as those with the bsfc map, torque map or gear ratios, allowing changes to be made by new simulations or changes made in Microsoft Excel or any text editor and therefore, allowing a quick study of the input parameters to be performed. Also in this way, it allows changes without the need to use Matlab, allowing those people that do not know Matlab programming to use the program.

6.2.1. Europeancycleprogram

This is the main program and it will call the other two. It will produce a plot of the bsfc and torque maps of the engine and it will give the fuel consumption of the ECE cycle, the EUDC cycle and the combined (European test cycle).

 It contains the vehicle data and it loads into MATLAB the cycles definition, the bsfc, bmep, torque and  idle maps that should be previously created by the user. The cycle definition data was obtained from the matlab file that ADVISOR uses to calculate the fuel consumption in the European cycle and it has defined the car velocity in the cycles in points with a separation between them of 1 second. The bsfc, bmep, torque and idle maps are constructed in AVL Boost as a  function of engine speed and flow restriction coefficient of the butterfly valve.

In order to plot the bsfc and the torque vs engine speed and load, the load is calculated as

 (maximum bmep at a given throttle position) / (maximum bmep at WOT)
(6.1)

 In this definition, the load will take value of 1 at WOT and 0 at idle, because there is no net torque output and therefore bmep = 0.

This program will also check that all the maps have the same dimensions and will display an error message  if they do not have the same dimensions and will display which was the problem found.

The program will be used to validate if the desired swept volume is big enough to pass the European test cycle, because it will display an error massage if it is not possible to obtain the torque required by the cycle with the mounted engine. More over, it will give the points at which these errors occurred and it will overcome them in order to produce in this case an idea of the possible fuel consumption.

6.2.2. Ecesubprogram and eudcsubprogram

Both programs are similar. The ecesubprogram will calculate the fuel consumption to perform the urban cycle (ECE cycle) of the European test cycle while the eudcprogram will calculate the fuel consumption for the extra urban cycle (EUDC cycle). 

They also will calculate the gear shift for optimum fuel consumption. Care should be taken at this point because it can give more than two changes in a very short period of time. If this condition occurs by examination of the gears shift against the cycle test, it can be easily determined a realistic gear change strategy.  With the gear shift strategy determined, it  would be easy to fix in the program.

Further information of the programs can be obtained in Appendix B where the code is presented and explained.

6.3 Final model description and its performance

In chapter 4 and chapter 5 some of the most important parameters relating to the engine performance were studied. As a result of these studies ian AVL Boost engine model was obtained with which it was produced bsfc, torque and bmep maps that were processed by the europancycleprogram in order to find out the fuel consumption of that engine fitted in a car with the data assumed in chapter 3 and summarised in table 3.4. In this section the main features of the model are summarised along with its maps and its fuel consumption.

6.3.1 Main features of the model

The final model obtained is the result of a structured approach to the target of the 3 litre per 100 km car. In this structured study, many different parameters where studied and a decision was made in each of those studies. In order to clarify the main features of the model, the following picture and table are presented. 
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Figure 6.1  Schematic representation of the final model
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Table 6.1. Main model features

Please note that not all the parameters are include, for more detailed values, please refer to appendix A and D.

6.3.2 Engine maps
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AVL Boost was used to simulate the bsfc, torque and power of the model. The final results at WOT can be seen in the following graphs.

Figure 6.2 WOT torque and power of the final model

[image: image148.emf]bsfc

0

50

100

150

200

250

300

350

0 1000 2000 3000 4000 5000 6000 7000 8000

rpm

g/KWh


Figure 6.3 WOT bsfc of the final mode. 

Also with AVL Boost the part load conditions were simulated producing torque, bsfc and bmep maps that were  processed in MATLAB to generate following pictures. 
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Figure 6.4 Torque versus engine speed and engine load.
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figure 6.5. Bsfc versus engine speed and load

Note that the bsfc against engine speed shape at each load is similar to that at  WOT . It is important to highlight that  at low loads, as the power output approaches zero, the bsfc tends to infinity and also at very low loads and high engine speeds the engine is not powered, it becomes motored and therefore the bsfc becomes negative. To avoid this infinity value and negative values, the AVL Boost bsfc map  was processed by the europeancycle program and this program gave at these points an arbitrary value of 3333 g/kwh that explains the flat part of the bsfc shape at low loads. Note that giving a value of zero when the engine is motored, seems to be more logic, but due to the way the program was made, it will cause wrong fuel consumption values. Also note that a special condition was made to treat the motored condition and avoid using the unreal value 3333 g/kwh.

 Also, note that there is a rapid increase  in bsfc below 0.6 load. This abrupt increase is produced at relative high load (0.6), but it is just due to the definition of load made in the program. It does not imply that is produced at relative opened throttle (nearly half opened) as can be seen in the following table which relates load with throttle flow restriction coefficient (related with throttle geometric opening point).

	Flow coefficient
	1
	0.5
	0.07
	0.05
	0.03
	0.02
	0.01
	0.009
	0.007
	0.005
	0.004

	Calculated load
	1.00
	0.99
	0.88
	0.81
	0.70
	0.62
	0.41
	0.38
	0.27
	0.15
	0.07


Table 6.2. Relation between flow coefficient and load.
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In order to present a graph without any data manipulation and without any infinity value, the following graph was made in Microsoft Excel. It was made with the simulations with values of flow coefficient between 1 and 0.02.

Figure 6.6 Bsfc for flow coefficients between 1 and 0.02

With the europeancyleprogram it was checked that with an engine of 0.6 litres it is possible to perform the European test cycle. Although the first calculations made to decide the engine swept volume where made just at WOT and at few points (figure 5.18 ), this program has shown that it is enough to make these kind of decisions. This is because the maximum torque given by the engine is produce at WOT and as the points chosen where the ones where the maximum torque required is more likely to be demanded. The author wants to highlight with this dissertation the importance of early hand calculations for the engine design and how they can give some orientations about the work to be performed.

6.3 Fuel consumption results

The previous maps where used by the europeantcycleprogram to calculate the fuel consumption of the modelled engine fitted in the assumed car when is performing the urban cycle (ECE cycle), the extraurban cycle (EUDC) and the combined (European test cycle).  In the following table are compiled the final results.  

	
	Modelled vehicle. Idle=1000 rpm
	Modelled vehicle. Idle=800 rpm BASELINE
	With idle engine deactivation

	ECE
	5.28
	4.99
	3.48

	EUDC
	3.59
	3.57
	3.43

	Combined
	4.21
	4.09
	3.45


Table 6.3. Fuel consumption results. Litres per 100 km

From the above table two important things can be derived. First, that the idle speed is a very important fuel consumption parameter in the ECE cycle and as a consequence in the European test cycle. 

The second and more important result is that to achieve a 3 litre per 100 km fuel consumption gasoline car with regular point injection, it is necessary to have engine deactivation at idle. The reason for this is that when idle, the engine is consuming fuel while is not producing any power output, in other words, it is wasting the fuel.

Although the engine deactivation at idle is a current technology used by hybrid cars, it presents the following problems:

1. Care must be taken to not have additional fuel consumption when restarting the engine. This was an insolvable problem of carburetted engines, but nowadays is possible to overcome it by delaying the injection until the engine has reach about 800 rpm. 

2. The catalyst cools down. When deactivating the engine, the catalyst cools down and therefore, the other non CO2 emissions will increase considerably. This could be solved in two ways, first,  by doing a careful study of how long the cylinders could be deactivated or may be by maintaining just one cylinder operating (this last solution will lead in a fuel consumption in the combined cycle of 3.66 litres /100 km). The second solution could be use an alternative fuel where emissions do not depends on a catalyst.

6.4 Fuel consumption sensitivity analysis

In chapter 3 the effects of the mass and drag coefficient on the bmep or torque were studied. Now the effect that they have on the fuel consumption will be considered. The complete results are compiled in the tables  of appendix C, were first the absolute values are included and then the comparison with the baseline. The following graph in terms of % of parameter change is presented to allow easy analysis of the results. 

Please note that the 0% change is produced in the condition of idle at 800 rpm and without engine deactivation, called the baseline in the previous.
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Figure 6.7. Fuel consumption against % of mass, Cd and frontal area change. 

European test cycle

From the above graph it can be concluded that the mass reduction is the alternative which will produce bigger fuel consumption improvement for a given % variation. Moreover, the change in mass also is the easiest alternative to achieve because it has many features that can be improved as mentioned in chapter 2. Further more, changes in drag coefficient are really difficult to achieve and even more when low values such as 0.27 are already achieved. Also changes in frontal area can not be made because will change the habitability of the car and will change its comfort. 

From the above graph it can be also concluded that reducing mass, Cd and frontal area, does not produce great changes in fuel consumption and therefore just using this strategy the 3 litre car will not be achieved. This shows the importance of improving  the engine performance and the possibility of deactivating the engine at idle.

With the sensitivity analysis the possibility of changing the car parameters was also studied. It was found that the car will pass the European test cycle, even if the mass is increased up to 1000 kg or the drag coefficient is increased up to 0.3. With these values the engine just is not able to produce the demanded torque for 3 seconds, at the end of the last acceleration of the EUDC. Just by redesigning the gearbox or tuning a the engine at that engine speed,  the engine will pass the cycle without any problem with 1000Kg or 0.3 drag coefficient.

6.5 Validation of the results. Comparison with the Smart

This point will show that the values obtained of torque, power and bsfc are normal for an engine of a swept volume of 0.6 litres. Some other checks are performed in appendix A.

As can be seen in figure 6.2 the peak power has a value of  25000W at 6000 rpm. This implies a 25/0.6 = 41.7 KW per litre. This value is very close to the 45 kW per litre suggested by Harrison (2000) as normal.

The peak torque of the engine is 51.9 Nm at 4000 rpm, which leads in a 51.9/0.6 =  86.5 Nm per litre, again very close to 90Nm per litre suggested by Harrison (2000) as normal.

The bsfc curve has two main advantages, first that it is quite flat between  2000 and 5000 rpm, and second, that if has a low value of 243 g/kWh, lower to the common 260 g/kWh (Harrison 2000).

The final configuration adopted, can be compared with the second best fuel consumption car in the market: the Smart. Its engine specifications from http://www.thesmart.co.uk/index.html?dir=see&main=see_overview.asp  are:

	Smart engine

	 Cylinders/configuration  3/in-line, rear-mounted 

	 Cubic capacity in cc  599 

	 Bore x stroke (mm)  63.5 x 63.0 

	 Valves per cylinder  2 

	 Spark plugs per cylinder  2 

	 Aspiration  Turbocharged 

	 Boost control  Mechanical 

	 Max. boost pressure (bar)  0.4 

	 Fuel Injection  Multipoint, electronically controlled 

	 Compression ratio  9.5 : 1 

	 Emission control  3-way catalylic converter 

	 Max. power (bhp) @ rpm  44 @ 5250 

	 Max. torque (overboost) (Nm)  @ rpm  70 @ 2250-4500 

	 Transmission 6 gears

	 Combined fuel consumption = 4.9 l/100 km


Table 6.4. Smart engine specifications

http://www.thesmart.co.uk/index.html?dir=see&main=see_overview.asp
As can be seen, the smart has the same engine swept volume as the designed engine for this thesis, but the engine is turbocharged.  The Smart obtains a 31% more power and a 34.8% more torque by having a reduction in fuel economy of 19.8%. Its designers have  apparently decided to sacrifice fuel consumption in order to obtain better driveability.  

It is also to important to highlight that the Smart has 6 gears, which will allow improved performance and fuel consumption as explained in chapter 2 The advantage of this option could be simply studied by adding its values to the europencycle input file called gear map.

The last point needing comment is that the Smart has two valves per cylinder and two spark plugs. Both configurations were adopted to improve combustion stability. Although as said in chapter 4. , this configuration is worst than the 4 valves because it would imply less volumetric efficiency and worst fuel consumption, when turbocharging the volumetric efficiency problem is overcome and then the 2 valves configuration is preferred.

Chapter 7.                                   Conclusions and future work

7.1 Conclusions

This thesis has reports on a structured approach to the feasibility of the 3 litre car, achieving the objectives of the thesis. Also it has been done studies about the engine simulation features such as fme, valves and turbulence which will help future works based in engine simulation programs, specially in AVL Boost.

The main conclusion of this thesis is that with a gasoline car with regular port injection, the only way to achieve the 3 litre per 100 km fuel consumption is to deactivate the cylinders when the car is at idle. Although weight, drag coefficient and frontal area make an important contribution to the fuel consumption, it has been shown that just a combination of improvements in these will not achieve the 3 litre car without engine deactivation.

Although the fuel consumption achieved in this thesis is of 3.45 litres / 100 km in the European test cycle, with engine deactivation at idle, the author believes that is possible to achieve the  3 litre car. The reason for this statement is that in the thesis the engine is not optimised and the gears are also not optimised to the engine, and therefore the engine is not working at its optimum position. Moreover, the incorporation of 6 gears instead of 5 will produce a noticeable improvement in fuel economy. Further more, the designed engine will produce less fuel consumption if appropriate fmep is used. As said, the fmep used is from an Opel Astra of 2000cc and the improvements to the fmep due to using a small engines were not included. Also it will be possible to tune the engine with the cams, runners length and plenum position and size.

The 3 litre gasoline car with regular port injection would be a 600 cc engine with a peak power around 28 KW and peak torque around 55 Nm. Although car would have poor acceleration and will not be able to run at speeds above 140 Km/h, that may not make it attractive to the public, it would be possible to improve its sales by Government actions and by changing customer expectations. If better performance car is wanted with 3 litre per 100 Km fuel consumption, then it would be necessary to use hybrid cars or other fuels.

7.2 Further work

Although the author believes that is possible to achieve the 3 litre per 100 km fuel consumption car with regular port injection and he got a very low fuel consumption value of 3.45 litres per 100 km, it is necessary to prove this. 

For these future work the author suggest the following points of study:

· Optimisation of gears for a very small engine.

· Study of the problems of using engine deactivation. Study of the implications to the catalyst and other non CO2 emissions 

· Study of the tuning of a small engine.

· Study of the effect of introducing an ECU into the AVL Boost model in order to modify valve timing and spark timing.

· Study of the implication of running lean mixtures with a very small engine.

· Study the feasibility of increasing the compression ratio.

· Alternative fuels.
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Appendix A. Engine parameters         and checks.
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Figure A.1 Final model diagram
A.1 Engine parameter values

	Cylinder 

	Bore
	62 mm

	Stroke
	65 mm

	Swept volume
	0.6 litres

	Connecting rod
	113 mm

	AFR
	[image: image150.wmf]Bore

62 mm

Stroke

65 mm

Connecting

rod

113 mm

AFR

14.5

Compression

ratio

10.5

Valves

Intake valves

Exhaust valves

Valve

diametre

23 mm

Valve

diametre

19mm

Opening time

350 ºcrank

Opening

time

170 ºcrank

Duration

220 ºcrank

Duration

220 ºcrank

Lift

10 mm

Lift

10 mm

Runners length

Intake runners

300+60mm

Exhaust

runners

100 mm

14.5

	Compression ratio
	10.5

	Combustion model
	Vibe function

	Cylinder heat transfer
	Woschi 1978

	Ports heat transfer
	Zapf

	Scavenge model
	Perfect mixing

	Effective blow by gap
	0.0008 mm

	Start combustion
	715 crank angle

	Combustion duration
	50 crank angles

	Shape Parameter
	1.6

	Parameter a
	6.9


	Piston surface area
	3300 mm2

	Cylinder head area
	3500 mm2

	Liner piston
	204 mm

	Wall temperatures
	550 K


	Valves

	Intake valves
	Exhaust valves

	Valve diameter
	23 mm
	Valve diameter
	19 mm

	Opening time
	350ºCrank
	Opening time
	170ªCrank

	Duration
	220ºCrank
	Duration
	220ºCrank

	Lift
	10 mm
	Lift
	10 mm

	Scaling factor
	1.68
	Scaling factor
	1.7


Tables A.1 Engine parameters values

Please note that 720 degrees of crank angle is TDC.

Please note that the valve size is little smaller than in the sensitivity analysis because in the sensitivity analysis the engine has a swept volume of 0.7 litres while in the final model this is 0.6 litres. 

The valves profiles and valves tables can be observed in the following pictures created with the valve lift program made by the author of this thesis.
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Figure A.2. Inlet valve lift curve generated by valve lift program
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Figure A.3. Exhaust valve lift curve generated by valve lift program

	Pipes

	
	Length (mm)
	Diametre (mm)

	1
	850
	50

	2
	130
	50

	3
	70
	50

	4
	300
	25

	5
	300
	25

	6
	300
	25

	7
	60
	25

	8
	60
	25

	9
	60
	25

	10
	100
	21.5

	11
	100
	21.5

	12
	100
	21.5

	13
	20
	45

	14
	1500
	45

	15
	1000
	45

	16
	70
	45

	17
	100
	50

	Friction coefficient = 0.019


	Others
	Volume (l)
	Flow coefficient

	Pl1
	6
	0.6

	Pl2
	3
	0.9

	Pl3
	3
	0.6

	Cl1
	5
	1

	Cat1
	5
	1

	Junction
	Flow coefficient

	J1
	0.49

	J2
	0.9


Tables A.2 Pipes, plenums, junctions, air cleaner and catalyst characteristics

Further information about the engine configuration, output values and computing information can be found in appendix D.

A.2 Checks

The following graph with the different efficiencies was used to check that the engine had standard values and standard behaviour. Their shapes and values could be compared with any engine book such as Heywood (1988) or Taylor (1985)
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Figure A.4. Efficiencies of the engine.

At 3000 rpm where obtained the following results:
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Figure A.5. Pressure against crank angle

As can be seen the peak pressure is around 50 bar, normal value for an engine, Muñoz et al (1989)
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Figure A.6. Temperature against crank angle

The maximum temperature achieved is 2500 K, value close to the flame temperature of 2585 obtained by Moss.

Please note that the fluctuation in temperature during the exhaust (around 270º) is due an oscillation in the exhaust mass, as can be seen in the following graph.
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Figure A.7. Mass flow to the cylinder against crank angle at 3000 rpm.

From this graph can be seen that the valves opening times and lift are not optimised for this engine speed. Please note that they are optimised for example at 5000 rpm as can be seen in the following graph.
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Figure A.8 Mass flow to the cylinder against crank angle at 5000 rpm.

Please note that the  mass flow shape of the exhaust process of this graph is similar to that shown in Ferguson (1986)
Appendix B.  Fuel consumption programs

B.1. Europeancycleprogram

% europeancycleprogram

% Reviewed 1-8-01

% Written by Luis Enrique Arimany Españaque

clear

%clf

% Car parameters

car_mass=800;

cd=0.25;

car_area=1.9;

fo=0.013;

fr=0;

num_cylinders=3;

n_roll=2.5;

gear_efficiency=0.95;

rolling_radius=0.27875;

gasoline_density=0.78;

air_density=1.225;

% Inicialization

total_consumption=0;

errors_counter_severe=0;

errors_counter_warning=0;

% Loading of external data

% ECE cycle

load c:\cranfield\thesis\matlab\matlab\final\ece_cycle_kmh.txt; 

% EUDC cycle

load c:\cranfield\thesis\matlab\matlab\final\eudc_kmh.txt;

% Matrix with gear ratios

load c:\cranfield\thesis\matlab\matlab\final\gear_ratios.txt;

% n=colums of a matrix

% m=rows of a matrix

% Matrix do not have information of what are the m or n values

% Just they have the given value of an m,n point

% In maps m is engine speed and n flow coefficient

% The rpm at which are calculated the maps is in rpm_map

% Matrix with torque map. m=engine speed, n=flow coefficient

load c:\cranfield\thesis\matlab\matlab\final\torque_map.txt ;

% Matrix with bsfc map. m=engine speed, n=flow coefficient

load c:\cranfield\thesis\matlab\matlab\final\bsfc_map.txt; 

% Matrix with bmep map. m=engine speed, n=flow coefficient

load c:\cranfield\thesis\matlab\matlab\final\bmep_map.txt ;

% Matrix with rpm map. m=engine speeds at which the other maps 

% where generated

load c:\cranfield\thesis\matlab\matlab\final\rpm_map.txt ;

% For idle condition. Injected fuel for zero load condition

load c:\cranfield\thesis\matlab\matlab\final\non_load_map.txt ;

% Generation the rotating mass factor for each gear

% Note that the the number of gears is determined by size of 

% the external matrix gear_ratios, if changed, nothing needed to

% be changed in the program, the same for the rest of the external matrix

[n_gears,temp]=size(gear_ratios);

rot_coef=zeros(n_gears,1);

for i=1:n_gears

   rot_coef(i,1)=1.04+0.0025*gear_ratios(i,1)^2;   

end %for

%..............Check of correct input matrix dimensions.......................

[n_r_torque,n_c_torque]=size(torque_map);

[n_r_bsfc,n_c_bsfc]=size(bsfc_map);

[n_r_bmep,n_c_bmep]=size(bmep_map);

[n_r_rpm,n_c_rpm]=size(rpm_map);

if (n_r_torque~=n_r_bsfc)|(n_r_torque~=n_r_bmep)|(n_r_bsfc~=n_r_bmep)...

      |(n_r_torque~=n_r_rpm)

   errors_counter_severe=errors_counter_severe+1;

   temp_string='mismatch in rows of input matrix';

   my_errors_severe{errors_counter_severe,1}=temp_string;

   my_errors_severe{errors_counter_severe,2}=NaN;

   HANDLE = WARNDLG(temp_string,'severe errot');

end %if

if (n_c_torque~=n_c_bsfc)|(n_c_torque~=n_c_bmep)|(n_c_bsfc~=n_c_bmep)

   errors_counter_severe=errors_counter_severe+1;

   temp_string='mismatch in coloms of input matrix';

   my_errors_severe{errors_counter_severe,1}=temp_string;

   my_errors_severe{errors_counter_severe,2}=NaN;

   HANDLE=WARNDLG(temp_string,'severe errot');   

end %if

% Generation of load values

[max_bmep,r_max]=max(bmep_map);

[max_max_bmep,r_max_max]=max(max_bmep);

%if the max bmep is not produced at WOT stores a message in my_errors

if r_max_max~=1


errors_counter_warning=errors_counter_warning+1;

   my_errors_warning(errors_counter_warning,1)='the maximum imep is not produced at wot';

end %if

load_matrix=max_bmep/max_max_bmep;

% ................Processing of the bsfc map..................................

% The bsfc_map is processed in order to not allow negative bsfc or infinity.

% Negative condition will imply the engine is motored

% Infinity bsfc implies that there is not power output: load=0 

bsfc_map_program=bsfc_map;

for i=1:n_r_bsfc

    for j=1:n_c_bsfc

       if (bsfc_map_program(i,j)>3333) | (bsfc_map_program(i,j)<0) 

          % For not using this condition 

            bsfc_map_program(i,j)=3333;          

        end %if

    end %for j

 end %for i

% ...............Plot of the torque and bsfc maps.............................

figure(1)

clf

temp1=rpm_map';

temp2=load_matrix';

surf(temp2,temp1,torque_map)

xlabel('load'),ylabel('rpm'),zlabel('torque')

title('Torque map')

%pause

figure(2)

clf

temp1=rpm_map';

temp2=load_matrix';

surf(temp2,temp1,bsfc_map_program)

view(143,30)

xlabel('load'),ylabel('rpm'),zlabel('bsfc')

title('bsfc map')

%pause

% ...................Subprograms calculation...............................

% Calculation of the ECE cycle

ecesubprogram_final; 

% Calculation of the EUDC cycle

eudcsubprogram_final;

total_consumption=4*ece_total_consumption+eudc_total_consumption;

combined_consumption=total_consumption*100/(4*1.013+6.955)/gasoline_density;

%................... Display of severe errors............................

if errors_counter_severe==0

   disp('the program did not find any severe error')

   disp(' ')

else   

   for i=1:errors_counter_severe

      disp('the program found the followith severe errors')

      disp(my_errors_severe{i,1})

      disp(my_errors_severe{i,2})


end %for

end%if  

%.................... Display the final result..............................

disp(' ')

disp('the combined cycle fuel consuption is (l/100km)')

disp(combined_consumption)

B.2 Ecesubprogram

% ecesubprogram

% Reviewed 1-8-01

% Written by Luis Enrique Arimany Españaque

ece_total_consumption=0;

consumption_calc=zeros(n_gears,1);

%............. Inicialization of arrays ....................................

gear_logic=-1*ones(195,n_gears+2);

% Gear logic will store which gears can be used

% Value of n_gears+1 implies decesleration condition

% Value of n_gears+2 implies idle condition

torque=zeros(n_gears,1);

force=zeros(n_gears,1);

power=zeros(n_gears,1);

bsfc=ones(n_gears,1)*3333; 

engine_speed=zeros(n_gears,1);

% ....... Calculation fuel consumption of points between 12-187 seconds.........

for i=12:187

   bsfc=ones(n_gears+2,1)*3333; 

   velocity=ece_cycle_kmh(i,2)*1000/3600; 

   %Calculation of the maximum aceeleration at each point

   acceleration=max((ece_cycle_kmh(i+1,2)-ece_cycle_kmh(i,2))*1000/3600/1,...

      (ece_cycle_kmh(i,2)-ece_cycle_kmh(i-1,2))*1000/3600/1);

   for j=1:n_gears

      engine_speed(j,1)=gear_ratios(j,1)*velocity*60/(2*3.14*rolling_radius);  

      force(j,1)=1/2*cd*air_density*car_area*velocity^2+car_mass*9.8*...

         (fo+fr*velocity^n_roll)+rot_coef(j)*car_mass*acceleration;

      %divided by num_cylinders to pass to one cylinder map 

      torque(j,1)=(force(j)*rolling_radius/(gear_efficiency*gear_ratios(j,1)))/...

         num_cylinders;

      power(j,1)=torque(j,1)*engine_speed(j,1)*2*3.14/60;

      %.......Finding the bsfc for each point and gear .................

      % 1. Acceleration condition and steady state

    if power(j,1)>=0 

      
    if (engine_speed(j,1)>1000) & (engine_speed(j,1)<rpm_map(n_r_rpm))

                counter=0;

                % Calculation of the torque vs load curve at engine_speed  

   



for k=1:-0.05:0.1

           
   
    counter=counter+1;    
  
   

            
                     temp1=rpm_map';

               
    temp2=load_matrix';

                    interp_result(counter,1)=interp2(temp2,temp1,torque_map,k,...

                    engine_speed(j,1));

                 interp_result(counter,2)=k;

               %careful with x, y and m, n Not specify at follows  






%interp_result(counter)=interp2(rpm_map,load_matrix,torque_map,...

               %engine_speed(j,1),k); 

            
end %for

            
max_interp_result=max(interp_result(:,1));

                min_interp_result=min(interp_result(:,1)); 

               %1.1 Acceleration condition

            
if (torque(j,1)<max_interp_result) & (torque(j,1)>min_interp_result)            
    

               
    gear_logic(i,j)=1;

                    [deviation_torquepoint,load_torquepoint_index]=min(abs...

                     (interp_result(:,1)-torque(j,1)));           

               
    temp1=rpm_map';

              

temp2=load_matrix';

                    bsfc(j,1)=interp2(temp2,temp1,bsfc_map_program,interp_result(...

                       load_torquepoint_index,2),engine_speed(j,1));

                 else

                    % In case that the load required can not be achieved at that engine speed, 

                    % it generates a warning error. This will not imply any problem if it is 

                    % posible to achive it at other gear                    

                    errors_counter_warning=errors_counter_warning+1;

                    temp_string='not torque found for that engine speed, in the following point';

                    my_errors_warning{errors_counter_warning,1}=temp_string;

                    my_errors_warning{errors_counter_warning,2}=i;

                 end %if

                 %1.2 Idle condition

              elseif (0<=engine_speed(j,1))&(engine_speed(j,1)<1000)&(j==1)

               gear_logic(i,n_gears+2)=1;

               % if   engine_speed(j,1)>7000 not acction needed. 

            end %if engine speed  

            %2. Deceleration condition

         else %if power(j,1)<0

            gear_logic(i,n_gears+1)=1;

         end%if power

   end %for j

   %......Selection of the gear and calculation of fuel consumption.....................

   %Checking if it is posible to perform that point at any gear. If not, 

   %it will produce a severe error that will be display at the end of the program. 

   %This error affects the solution.

   [gears_index]=find(gear_logic(i,:)>=0);   

   if isempty(gears_index)

      errors_counter_severe=errors_counter_severe+1;

      temp_string='It was not posible to find bsfc for the following point';

      my_errors{errors_counter_severe,1}=temp_string;

      my_errors{errors_counter_severe,2}=i;           

   end %if

   % Idle condition

   if gear_logic(i,n_gears+2)==1

      gear_strategie(i)=n_gears+2;

      % Note that the idle speed will be the value of rpm_map(1,1) (in my case 1000)

      % non_load_map contains the fuel injected per cycle in non load condition

      % For 800 rpm use instead rpm_map(1,1) 800 and in stead non_load_map(1,1)

      % 4.32 *10^-6

      % For engine deactivation put consumption(i,1)=0;

      consumption(i,1)=3*non_load_map(1,1)*1/60*rpm_map(1,1); %3*there are 3 cylinders

   % Deceleration condition   

   elseif gear_logic(i,n_gears+1)==1

      gear_strategie(i)=n_gears+1;

      consumption(i,1)=0;

   else

   % Gear condition   

      for k=1:n_gears

      %[point_bsfc(i),gear_strategie(i)]=min(bsfc(:,1));

      %consumption(i,1)=3*point_bsfc(i)*torque(gear_strategie(i),1)*...

      %      engine_speed(gear_strategie(i),1)*2*3.14/60*1/3600*1*1/1000*1/1000; %kg

      % 3* because the calculations are done per cylinder

      % As the power required is not the same for each gear it should be done in the following way.

      % Please note that in this case the same results are obtained, but if many changes in 

      % sort time are performed, this second alternative may avoid the problem, if not

      % the program should be redisign a little and then the user can deffine the gear

      % logic he/she wants

       consumption_calc(k,1)=3*bsfc(k,1)*torque(k,1)*...

          engine_speed(k,1)*2*3.14/60*1/3600*1*1/1000*1/1000;

      [consumption(i,1),gear_strategie(i)]=min(consumption_calc(:,1));

      end%for

   end %if

   ece_total_consumption=ece_total_consumption+consumption(i,1);

end %for points

% Calculation of the first points and last points of the ECE cycle

for i=1:11

   gear_strategie(i)=n_gears+2;

   % For idle 800 rpm use instead rpm_map(1,1) 800 and in stead non_load_map(1,1)

   % 4.32 *10^-6

   % For engine deactivation put consumption(i,1)=0;

   consumption(i,1)=3*non_load_map(1,1)*1/60*rpm_map(1,1); %3 there are 3 cylinders

   ece_total_consumption=ece_total_consumption+consumption(i,1);

end %for

for i=188:195

   gear_strategie(i)=n_gears+2;

   % For idle 800 rpm use instead rpm_map(1,1) 800 and in stead non_load_map(1,1)

   % 4.32 *10^-6

   % For engine deactivation put consumption(i,1)=0;

   consumption(i,1)=3*non_load_map(1,1)*1/60*rpm_map(1,1); %3* there are 3 cylinders

   ece_total_consumption=ece_total_consumption+consumption(i,1);

end %for

% Display the final result

ece_consumption=ece_total_consumption*100/1.013*1/gasoline_density;

disp('the ECE cycle fuel consuption is (l/100km)')

disp(ece_consumption)

B.3 Eudcsubprogram

% eudcsubprogram

% Reviewed 1-8-01

% Written by Luis Enrique Arimany Españaque

eudc_total_consumption=0;

consumption_calc=zeros(n_gears,1);

%............. Inicialization of arrays ....................................

gear_logic=-1*ones(400,n_gears+2);

% Gear logic will store which gears can be used

% Value of n_gears+1 implies decesleration condition

% Value of n_gears+2 implies idle condition

torque=zeros(n_gears,1);

force=zeros(n_gears,1);

power=zeros(n_gears,1);

bsfc=ones(n_gears,1)*3333; 

engine_speed=zeros(n_gears,1);

% ...Calculations of fuel consumption of points between 12-187 seconds......

for i=21:379

   bsfc=ones(n_gears+2,1)*3333; 

   velocity=eudc_kmh(i,2)*1000/3600; 

   %Calculation of the maximum aceeleration at each point

   acceleration=max((eudc_kmh(i+1,2)-eudc_kmh(i,2))*1000/3600/1,...

      (eudc_kmh(i,2)-eudc_kmh(i-1,2))*1000/3600/1);

   for j=1:n_gears

      engine_speed(j,1)=gear_ratios(j,1)*velocity*60/(2*3.14*rolling_radius);  

      force(j,1)=1/2*cd*air_density*car_area*velocity^2+car_mass*9.8*...

         (fo+fr*velocity^n_roll)+rot_coef(j)*car_mass*acceleration;

      %divided by num_cylinders to pass to one cylinder map 

      torque(j,1)=(force(j)*rolling_radius/(gear_efficiency*gear_ratios(j,1)))/...

         num_cylinders;

      power(j,1)=torque(j,1)*engine_speed(j,1)*2*3.14/60;

      %.......Finding the bsfc for each point and gear .................

      %1. Acceleration condition and steady state

    if power(j,1)>=0 

 %hacerlo con los valores del rpm matrix        

      
    if (engine_speed(j,1)>1000) & (engine_speed(j,1)<rpm_map(n_r_rpm))

                counter=0;

                % Calculation of the torque vs load curve at engine_speed  

   



for k=1:-0.05:0.1

           
   
    counter=counter+1;    
  
   

            
                     temp1=rpm_map';

               
    temp2=load_matrix';

                    interp_result(counter,1)=interp2(temp2,temp1,torque_map,k,...

                    engine_speed(j,1));

                 interp_result(counter,2)=k;

               %careful with x,y graph notation and m,n matrix notation.

               %Not specify at follows : 




   %interp_result(counter)=interp2(rpm_map,load_matrix,torque_map,...

               %engine_speed(j,1),k); 

            
end %for

            
max_interp_result=max(interp_result(:,1));

               min_interp_result=min(interp_result(:,1)); 

               %1.1 Acceleration condition

            
if (torque(j,1)<max_interp_result) & (torque(j,1)>min_interp_result)            
    

               
    gear_logic(i,j)=1;

                    [deviation_torquepoint,load_torquepoint_index]=min(abs...

                     (interp_result(:,1)-torque(j,1)));           

               
    temp1=rpm_map';

              

temp2=load_matrix';

                    bsfc(j,1)=interp2(temp2,temp1,bsfc_map_program,interp_result(...

                       load_torquepoint_index,2),engine_speed(j,1));

                 else

                    % In case that the load required can not be achieved at that engine speed, 

                    % it generates a warning error. This will not imply any problem if it is 

                    % posible to achive it at other gear                    

                    errors_counter_warning=errors_counter_warning+1;

                    temp_string='not torque found for that engine speed, in the following point';

                    my_errors_warning{errors_counter_warning,1}=temp_string;

                    my_errors_warning{errors_counter_warning,2}=i;

                 end %if

                 %1.2 Idle condition

              elseif (0<=engine_speed(j,1))&(engine_speed(j,1)<1000)&(j==1)

               gear_logic(i,n_gears+2)=1;

               % if   engine_speed(j,1)>7000 not acction needed. 

            end %if engine speed  

            %2. Deceleration condition

         else %if power(j,1)<0

            gear_logic(i,n_gears+1)=1;

         end%if power

   end %for j

   %Selection of the gear .......................................................

   %Check if it is posible to perform each point at any gear. If not,it will produce a

   %severe error that will be display at the end of the program. 

   %This error affects the solution.

   [gears_index]=find(gear_logic(i,:)>=0);   

   if isempty(gears_index)

      errors_counter_severe=errors_counter_severe+1;

      temp_string='It was not posible to find bsfc for the following point';

      my_errors{errors_counter_severe,1}=temp_string;

      my_errors{errors_counter_severe,2}=i;           

   end %if

   % Idle condition

   if gear_logic(i,n_gears+2)==1

      % Note that the idle speed will be the value of rpm_map(1,1) (in my case 1000)

      % non_load_map contains the fuel injected per cycle in non load condition

      % For 800 rpm use instead rpm_map(1,1) 800 and in stead non_load_map(1,1)

      % 4.32 *10^-6

      % For engine deactivation put consumption(i,1)=0;

      gear_strategie(i)=n_gears+2;

      consumption(i,1)=3*non_load_map(1,1)*1/60*rpm_map(1,1); 

   % Deceleration condition   

   elseif gear_logic(i,n_gears+1)==1

      gear_strategie(i)=n_gears+1;

      consumption(i,1)=0;

   else

   % Gear condition 

      for k=1:n_gears

      consumption_calc(k,1)=3*bsfc(k,1)*torque(k,1)*...

          engine_speed(k,1)*2*3.14/60*1/3600*1*1/1000*1/1000;

      % 3* because the calculations are done per cylinder

      [consumption(i,1),gear_strategie(i)]=min(consumption_calc(:,1));

      % It is done is this way because power required at each gear is not the same due 

      %to the rotating mass factor. If it were equal in each gear, it can be done as follows.

      %[point_bsfc(i),gear_strategie(i)]=min(bsfc(:,1));

      %consumption(i,1)=3*point_bsfc(i)*torque(gear_strategie(i),1)*...

      %      engine_speed(gear_strategie(i),1)*2*3.14/60*1/3600*1*1/1000*1/1000; %kg

      % Please note that in this case the same results are obtained, but if many changes in 

      % sort time are performed, this second alternative may avoid the problem, if not

      % the program should be redisign a little and then the user can deffine the gear

      % logic he/she wants

     end %for  

   end %if

   eudc_total_consumption=eudc_total_consumption+consumption(i,1);

end %for points

% Calculation of the first points and last points of the EUDC cycle

for i=1:21

   gear_strategie(i)=n_gears+2;

   % For idle 800 rpm use instead rpm_map(1,1) 800 and in stead non_load_map(1,1)

   % 4.32 *10^-6

   % For engine deactivation put consumption(i,1)=0;

   consumption(i,1)=3*non_load_map(1,1)*1/60*rpm_map(1,1); 

   eudc_total_consumption=eudc_total_consumption+consumption(i,1);

end %for

for i=380:400

   gear_strategie(i)=n_gears+2;

   % For idle 800 rpm use instead rpm_map(1,1) 800 and in stead non_load_map(1,1)

   % 4.32 *10^-6

   % For engine deactivation put consumption(i,1)=0;

   consumption(i,1)=3*non_load_map(1,1)*1/60*rpm_map(1,1); 

   eudc_total_consumption=eudc_total_consumption+consumption(i,1);

end %for

% Display EUDC results

eudc_consumption=eudc_total_consumption*100/6.955*1/gasoline_density;

disp('the EUDC cycle fuel consuption is (l/100km)')

disp(eudc_consumption)

Appendix C. Fuel consumption sensitivity analysis

The following tables compile all the results of the fuel consumption sensitivity analysis, explained in chapter 6.

[image: image151.wmf] 

Baseline

 

Car mass 700 Kg

 

Car mass 900 Kg

 

Car mass 1000 Kg

 

ECE

 

4.99

 

4.8

 

5

 

5.36

 

EUDC

 

3.57

 

3.39

 

3.76

 

 (5.12) ?

 

Combined

 

4.09

 

3.91

 

4.22

 

(5.21) ?

 

Mass change

 

 

Reduction of 12.5%

 

Increase of 12.5%

 

 

ECE

 

-

3.8

 

0.2

 

 

EUDC

 

-

5.0

 

5.3

 

 

% fuel deviation

 

Combined

 

-

4.4

 

3.2

 

 

 


Table C.1. Effects of mass change on fuel consumption. 

Fuel consumption values in l /100Km
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TableC.2. Effects of Cd change on fuel consumption. 

Fuel consumption values in l /100Km 
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Table C.3 Effects of frontal area change on fuel consumption. 

Fuel consumption values in l /100Km

Please note that the values that appear in the tables as “( number )?”, means that the engine could not give at that point the required torque. In this points the bsfc is assumed to be 3333g/KWh. This is the reason for the great increase in fuel consumption when an error is found.

Appendix D: Avl Boost global file          at 3000 rpm.

AVL - B O O S T

Main Program: Version 3.30 pl 01 build 00009, System: DIGITAL      Preprocessor Version:  3.31 Calculationdate :24. 7.2001

File:       lmap-necu-wot-3000.bst                                                                                                              (24.7.2001 )

Project ID:                                                                                 

Run ID:     "three cylinder"                                                                

Number of elements: Pipes: ............... 17 / Sytemboundaries: .....  2 / Internal Boundaries: .  0

                    Plenums: .............  3 / Variable Plenums: ....  0 / Cylinders: ...........  3

                    Flowrestrictions: ....  1 / Checkvalves: .........  0 / Rotaryvalves: ........  0

                    Fuelinjectors: .......  3 / Wastegates: ..........  0 / Measuringpoints: .....  8

                    Aircoolers: ..........  0 / Aircleaners: .........  1 / Catalysts: ...........  1

                    Turbochargers: .......  0 / Pos.Displ.Comp.: .....  0 / Turbocompressors: ....  0

                    Junctions: ...........  2 / FIRE-links: ..........  0

GLOBAL DATA:        ENGINESPEED:  3000.0 rpm, 

Calculationmode: Single                                                                             

Cycle Duration: 720. deg CRA, Max.calc.per.:    8640.00 deg CRA, Cycles calculated:   12

Timestep Calculation / Output:   0.42453 /    5.00000 deg CRA, Userdefined Concentrations:   0

Reference Conditions: Pressure:  100000.00 Pa Temperature:    298.000 K

Variable Gasproperties from BENZIN.GPF  external mixture preparation

Lower calorific value [J/kg]: 0.43500E+08 Stoichiometric A/F-ratio [-]: 14.500

Conc. of Carbon [kg/kg]  0.865 Conc. of Hydrogen [kg/kg]  0.135 Conc. of Oxygen [kg/kg] 0.00000E+00

****************************************************

* During the run         10 warnings were output ! *

****************************************************

Pipe discretization: Total number of cells:   155
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MEASURINGPOINTS: Average Values

-------------------------------


SYSTEMBOUNDARIES: Average Values

--------------------------------

Systemb.nr./att. Pipe nr. / Massflow per cycle [g] :    1 /     1 /       0.6345

Systemb.nr./att. Pipe nr. / Massflow per cycle [g] :    2 /    16 /      -0.6824

PLENUMS: Average Values

-----------------------

	
	
	
	
	


 Pl. Pressure   Temp.      Mass Wallheat 

 nr.    [bar]     [K]       [g]     [kJ]

  1    1.0114 1037.63     2.049    0.000

                                          Attached pipe  14:      0.6559 g/cycle

                                          Attached pipe  15:     -0.6632 g/cycle

  2    1.0035  960.68     1.097    0.000

                                          Attached pipe  15:      0.6663 g/cycle

                                          Attached pipe  16:     -0.6818 g/cycle

  3    0.9974  299.45     3.480    0.000

                                          Attached pipe   3:      0.6352 g/cycle

                                          Attached pipe  17:     -0.6331 g/cycle

CYLINDERS: Average Values

-------------------------

                      Total

                        Engine  Cyl.   1  Cyl.   2  Cyl.   3

Firing TDC [degCRA]                 0.00    480.00    240.00

Bore [mm]                          62.00     62.00     62.00

Stroke [mm]                        65.00     65.00     65.00

Conrodl. [mm]                     113.00    113.00    113.00

Pistonpinoffset [mm]                0.00      0.00      0.00

Swept Vol. [l]            0.59      0.20      0.20      0.20

Compressionratio [-]               10.50     10.50     10.50

Combustion Char.                    Vibe      Vibe      Vibe                                                            

Comb.start [degCRA]              715.000   715.000   715.000                                                            

Comb.dur.1 [degCRA]               50.000    50.000    50.000                                                            

Vibe Parameter a [-]               6.900     6.900     6.900                                                            

Vibe Param. m 1 [-]                1.600     1.600     1.600                                                            

Comb. Noise [dB(A)]       82.8      82.8      82.8      82.8

Cyl. IMEP [bar]          12.01     12.00     12.01     12.02

    Rel. to Ave. [-]              0.9990    1.0000    1.0010

IMEP Exh. [bar]        -1.1495   -1.1495   -1.1492   -1.1498

IMEP Int. [bar]         0.9053    0.9054    0.9054    0.9051

IMEP Gasex. [bar]      -0.2442   -0.2441   -0.2438   -0.2447

FMEP [bar]              1.1100    1.1100    1.1100    1.1100

BMEP [bar]             10.8978   10.8861   10.8976   10.9098

Inj. Fuelmass [g]       0.0000    0.0000    0.0000    0.0000

Asp. Fuelmass [g]       0.0434    0.0144    0.0145    0.0145

Fuelmass (tot.) [g]     0.0434    0.0144    0.0145    0.0145

Tot. Fuelm.fl. [g/s]    1.0845    0.3610    0.3613    0.3622

Trapp. Eff. Fuel [-]    0.9989    0.9989    0.9989    0.9989

ISFC (tr.f.) [g/kWh]  220.9166  220.8126  220.8067  221.1302

ISFC (as.f.) [g/kWh]  221.1567  221.0533  221.0464  221.3699

    Rel. to Ave. [-]              0.9995    0.9995    1.0010

BSFC [g/kWh]          243.6826  243.5931  243.5617  243.8928

Indicated Eff. [-]      0.3746    0.3748    0.3748    0.3743

A/F-Ratio (Cmb.) [-]   14.5816   14.5997   14.5981   14.5472

Excess Air Ratio [-]    1.0056    1.0069    1.0068    1.0033

Total Mass at SHP[g]    0.7086    0.2361    0.2363    0.2362

Airmass at SHP[g]       0.6326    0.2108    0.2110    0.2108

Airpurity [-]           0.8927    0.8928    0.8929    0.8924

Res.gas content [-]     0.0463    0.0462    0.0463    0.0463

Air Delivered [g]       0.6326    0.2108    0.2110    0.2108

Air Delivered [g/s]    15.8149    5.2706    5.2742    5.2701

Airdeliveryratio [-]    0.9193    0.9191    0.9197    0.9190

    Rel. to Ave. [-]              0.9998    1.0005    0.9997

    Rel. to MP 1 [-]    0.9208    0.9206    0.9213    0.9206

Mass Delivered [g]      0.6760    0.2253    0.2254    0.2253

Mass Delivered [g/s]   16.9006    5.6320    5.6359    5.6327

Airmass Trapped [g]     0.6324    0.2108    0.2109    0.2107

Trapp. Eff. Air [-]     0.9997    0.9997    0.9997    0.9997

    Rel. to Ave. [-]              1.0000    1.0000    1.0000

Volumetric Eff. [-]     0.9190    0.9188    0.9195    0.9188

    Rel. to Ave. [-]              0.9998    1.0005    0.9997

    Rel. to MP 1 [-]    0.9206    0.9204    0.9210    0.9203

Wall Heatlosses:

Piston [kJ]            -0.0936   -0.0312   -0.0312   -0.0313

Cylinderhead [kJ]      -0.0993   -0.0331   -0.0331   -0.0332

Cylinderliner [kJ]     -0.1147   -0.0382   -0.0382   -0.0383

Sum of Wallheat [kJ]   -0.3077   -0.1024   -0.1025   -0.1027

Wall Heatlosses Related to Heatinput:

Piston [-]             -0.0496   -0.0496   -0.0496   -0.0496

Cylinderhead [-]       -0.0526   -0.0527   -0.0526   -0.0526

Cylinderliner [-]      -0.0608   -0.0608   -0.0608   -0.0608

Sum of Wallheat [-]    -0.1630   -0.1631   -0.1630   -0.1630

M. Eff. HTC [W/m2/K]    293.22    293.11    293.28    293.27

M. Eff. Temp. [K]      1356.44   1355.91   1355.71   1357.70

Peak Fir.Pres. [bar]     51.36     51.33     51.37     51.39

 at Crankangle [deg]     20.80     20.80     20.80     20.80

Peak Fir. Temp. [K]    2494.07   2493.47   2493.60   2495.14

 at Crankangle [deg]     31.42     31.42     31.42     31.42

Res. Gascompr. [bar]      1.06      1.06      1.06      1.06

 at Crankangle [deg]    300.00    300.00    300.00    300.00

Blowbymass [g]         -0.0112   -0.0037   -0.0037   -0.0037

Blowbymassfl. [g/s]    -0.2808   -0.0936   -0.0936   -0.0936

Dyn. Swirl [-]          0.0000    0.0000    0.0000    0.0000

Reference Values at EO

Pressure [bar]            4.89      4.88      4.88      4.89

Temperature [K]        1589.84   1588.70   1588.86   1591.94

A/F-Ratio [-]            14.57     14.59     14.58     14.53

Com.Prod.Conc. [-]        1.00      1.00      1.00      1.00

Fuel Concentr. [-]        0.00      0.00      0.00      0.00

Average Values of Pipeattachements:

Attached Pipe                          7         8         9

Vlv/Prt Op. [degCRA]              350.00    350.00    350.00

Vlv/Prt Cl. [degCRA]              570.00    570.00    570.00

Cam Phasing [degCRA]                0.00      0.00      0.00

Massflow [g/cycle]                0.2253    0.2254    0.2253

Wallheat [kJ/cycle]               0.0008    0.0008    0.0008

  rel.to Heatinp.[-]              0.0013    0.0013    0.0013

St.Swirl (Eng.) [-]               0.0000    0.0000    0.0000

St.Swirl (Std.) [-]               0.0000    0.0000    0.0000

Attached Pipe                         10        11        12

Vlv/Prt Op. [degCRA]              170.00    170.00    170.00

Vlv/Prt Cl. [degCRA]              390.00    390.00    390.00

Cam Phasing [degCRA]                0.00      0.00      0.00

Massflow [g/cycle]               -0.2213   -0.2215   -0.2214

Wallheat [kJ/cycle]              -0.0299   -0.0299   -0.0300

  rel.to Heatinp.[-]             -0.0476   -0.0475   -0.0476

St.Swirl (Eng.) [-]               0.0000    0.0000    0.0000

St.Swirl (Std.) [-]               0.0000    0.0000    0.0000

FLOWRESTRICTIONS: Average Values

--------------------------------

 Flr. Att.Pi.  Massflow  Att.Pi.  Massflow

  nr.  number [g/cycle]   number [g/cycle]

    1       2    0.6348        3   -0.6352

FUELINJECTORS: Average Values

-----------------------------

 Inj. Att.Pi.  Massflow  Att.Pi.  Massflow Added Fuel

  nr.  number [g/cycle]   number [g/cycle]  [g/cycle]

    1       4    0.2108        7   -0.2253     0.0145

    2       5    0.2109        8   -0.2253     0.0145

    3       6    0.2108        9   -0.2253     0.0145

AIRCLEANERS: Average Values

---------------------------

 AC. Inletpr.  Inlett.   Inletm. Outletpr. Outlett.  Outletm.

 nr.    [bar]      [K]       [g]     [bar]      [K]       [g]

  1    0.9997   298.02     2.337    0.9991   298.09     2.919

                                                          Attached pipe   1:      0.6344 g/cycle

                                                          Attached pipe   2:     -0.6348 g/cycle

CATALYSTS: Average Values

-------------------------

 Ca. Inletpr.  Inlett.   Inletm. Outletpr. Outlett.  Outletm.

 nr.    [bar]      [K]       [g]     [bar]      [K]       [g]

  1    1.0306  1158.91     0.623    1.0267  1171.38     0.768

                                                          Attached pipe  13:      0.6641 g/cycle

                                                          Attached pipe  14:     -0.6608 g/cycle

JUNCTIONS: Average Values

-------------------------

Junction   1: Attached pipe  10:     -0.2212 g/cycle

              Attached pipe  11:     -0.2215 g/cycle

              Attached pipe  12:     -0.2214 g/cycle

              Attached pipe  13:      0.6641 g/cycle

Junction   2: Attached pipe   4:      0.2110 g/cycle

              Attached pipe   5:      0.2110 g/cycle

              Attached pipe   6:      0.2109 g/cycle

              Attached pipe  17:     -0.6329 g/cycle

OVERALL ENGINE PERFORMANCE:

===========================

Indicated Torque :              56.26 Nm                    Indicated Specific Torque :     95.56 Nm/l

Indicated Power :               17.67 kW,        24.04 PS   Indicated Specific Power :      30.02 kW/l,      40.83 PS/l

Friction Torque :                5.20 Nm                    Friction Power :                 1.63 kW,         2.22 PS

Effective Torque :              51.05 Nm                    Effective Specific Torque :     86.72 Nm/l

Effective Power :               16.04 kW,        21.81 PS   Effective Specific Power :      27.24 kW/l,      37.05 PS/l

Required time for reading the inputfile and initialisation:       0.05 min

Required time for the calculation: .........................      6.10 min

Required time for writing the outputfile: ..................      0.01 min

Required total time: .......................................      6.15 min
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hyundai atos

		

				Car data

				mass		Cd		A		Gear number		Gear ratio (Atos)		Total gear ratio

				800		0.25		1.9		1		3.54		16.04		1.68

										2		1.95		8.83		1.24

										3		1.31		5.93		1.13

										4		0.92		4.17		1.08

										5		0.78		3.53		1.07

										Final		4.53

		ECE15

		Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)

		1		0		0.00		1.04		1		16.0362		0		102		1403		1505		0		0		0

		2		15		4.17		1.04		1		16.0362		5		102		1403		1510		6621		38		2290		3.47

		3		15		4.17		0.00		1		16.0362		5		102		0		107		470		38		2290		0.25

		4		0		0.00		0.83		1		16.04		0		102		1122		1224		0		0		0		0.00

		5		15		4.17		0.83		1		16.0362		5		102		1122		1229		5391		38		2290		2.82

		6		15		4.17		0.94		2		8.8335		5		102		933		1040		4562		21		1262		4.34

		7		32		8.89		0.94		2		8.8335		23		102		933		1058		9901		45		2691		4.41

		8		32		8.89		0.00		2		8.8335		23		102		0		125		1170		45		2691		0.52

		9		0		0.00		0.83		1		16.04		0		102		1122		1224		0		0		0		0.00

		10		15		4.17		0.83		1		16.04		5		102		1122		1229		5391		38		2290		2.82

		11		0		0.00		0.62		2		8.8335		0		102		610		712		0		0		0		0.00

		12		35		9.72		0.62		2		8.8335		27		102		610		739		7568		49		2944		3.09

		13		35		9.72		0.52		3		5.9343		27		102		470		600		6136		33		1977		3.72

		14		50		13.89		0.52		3		5.9343		56		102		470		628		9184		47		2825		3.90

		15		50		13.89		0.00		3		5.9343		56		102		0		158		2312		47		2825		0.98

		16		35		9.72		0.00		3		5.9343		27		102		0		130		1326		33		1977		0.80

		EUDC

		Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)

		1		0		0.00		0.83		1		16.0362		0		102		1122		1224		0		0		0

		2		15		4.17		0.83		1		16.0362		5		102		1122		1229		5390		38		2290		2.82

		3		15		4.17		0.62		2		8.8335		5		102		610		717		3145		21		1262		2.99

		4		35		9.72		0.62		2		8.8335		27		102		610		739		7567		49		2944		3.08

		5		35		9.72		0.52		3		5.9343		27		102		470		600		6136		33		1977		3.72

		6		50		13.89		0.52		3		5.9343		56		102		470		628		9184		47		2825		3.90

		7		50		13.89		0.43		4		4.1676		56		102		370		529		7727		33		1984		4.67

		8		70		19.44		0.43		4		4.1676		110		102		370		582		11921		46		2778		5.15

		9		70		19.44		0.00		4		4.1676		110		102		0		212		4340		46		2778		1.87

		10		50		13.89		0.00		4		4.1676		56		102		0		158		2312		33		1984		1.40

		11		50		13.89		0.43		4		4.1676		56		102		370		529		7727		33		1984		4.67

		12		70		19.44		0.43		4		4.1676		110		102		370		582		11921		46		2778		5.15

		13		70		19.44		0.00		4		4.1676		110		102		0		212		4340		46		2778		1.87

		14		70		19.44		0.25		4		4.1676		110		102		219		431		8820		46		2778		3.81

		15		100		27.78		0.25		4		4.1676		224		102		219		545		15947		66		3968		4.82

		16		100		27.78		0.00		4		4.1676		224		102		0		327		9547		66		3968		2.89

		17		100		27.78		0.28		4		4.1676		224		102		241		567		16587		66		3968		5.02

		18		120		33.33		0.28		4		4.1676		323		102		241		666		23370		79		4761		5.89

		19		120		33.33		0.00		4		4.1676		323		102		0		425		14922		79		4761		3.76
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Agila

		

		Car data

				mass		Cd		A		Gear number		Gear ratio (Agila)		Total gear ratio

				800		0.25		1.9		1		3.42		15.0138		1.6035354761

										2		1.9		8.341		1.2139307025

										3		1.28		5.6192		1.1189385216

										4		0.97		4.2583		1.0853327972

										5		0.82		3.5998		1.0723964001

										Final		4.39

		ECE15

		Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)

		1		0		0.00		1.04		1		15.0138		0		102		1336		1438		0		0		0

		2		15		4.17		1.04		1		15.0138		5		102		1336		1443		6331		36		2144		3.54

		3		15		4.17		0.00		1		15.0138		5		102		0		107		470		36		2144		0.26

		4		0		0.00		0.83		1		15.0138		0		102		1069		1171		0		0		0		0.00

		5		15		4.17		0.83		1		15.0138		5		102		1069		1176		5159		36		2144		2.89

		6		15		4.17		0.94		2		8.341		5		102		917		1024		4492		20		1191		4.53

		7		32		8.89		0.94		2		8.341		23		102		917		1042		9751		42		2541		4.60

		8		32		8.89		0.00		2		8.341		23		102		0		125		1170		42		2541		0.55

		9		0		0.00		0.83		1		15.0138		0		102		1069		1171		0		0		0		0.00

		10		15		4.17		0.83		1		15.0138		5		102		1069		1176		5159		36		2144		2.89

		11		0		0.00		0.62		2		15.0138		0		102		792		894		0		0		0		0.00

		12		35		9.72		0.62		2		8.341		27		102		600		729		7461		46		2779		3.22

		13		35		9.72		0.52		3		5.6192		27		102		466		596		6097		31		1872		3.91

		14		50		13.89		0.52		3		5.6192		56		102		466		624		9129		45		2675		4.10

		15		50		13.89		0.00		3		5.6192		56		102		0		158		2312		45		2675		1.04

		16		35		9.72		0.00		3		5.6192		27		102		0		130		1326		31		1872		0.85

		EUDC

		Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)

		1		0		0.00		0.83		1		15.0138		0		102		1069		1171		0		0		0

		2		15		4.17		0.83		1		15.0138		5		102		1069		1176		5158		36		2144		2.89

		3		15		4.17		0.62		2		8.341		5		102		599		707		3099		20		1191		3.12

		4		35		9.72		0.62		2		8.341		27		102		599		729		7460		46		2779		3.22

		5		35		9.72		0.52		3		5.6192		27		102		466		596		6097		31		1872		3.91

		6		50		13.89		0.52		3		5.6192		56		102		466		624		9128		45		2675		4.09

		7		50		13.89		0.43		4		4.2583		56		102		371		529		7737		34		2027		4.58

		8		70		19.44		0.43		4		4.2583		110		102		371		583		11934		47		2838		5.05

		9		70		19.44		0.00		4		4.2583		110		102		0		212		4340		47		2838		1.83

		10		50		13.89		0.00		4		4.2583		56		102		0		158		2312		34		2027		1.37

		11		50		13.89		0.43		4		4.2583		56		102		371		529		7737		34		2027		4.58

		12		70		19.44		0.43		4		4.2583		110		102		371		583		11934		47		2838		5.05

		13		70		19.44		0.00		4		4.2583		110		102		0		212		4340		47		2838		1.83

		14		70		19.44		0.25		4		4.2583		110		102		219		431		8827		47		2838		3.73

		15		100		27.78		0.25		4		4.2583		224		102		219		546		15958		68		4054		4.72

		16		100		27.78		0.00		4		4.2583		224		102		0		327		9547		68		4054		2.83

		17		100		27.78		0.28		4		4.2583		224		102		241		568		16599		68		4054		4.91

		18		120		33.33		0.28		4		4.2583		323		102		241		666		23385		81		4865		5.77

		19		120		33.33		0.00		4		4.2583		323		102		0		425		14922		81		4865		3.68
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ka

		

		Car data

				mass		Cd		A		Gear number		Gear ratio (Ford Ka)		Total gear ratio						Gear ratio (Ford Ka modified)

				800		0.25		1.9		1		3.154		11.316552		1.3601608729

										2		1.926		6.910488		1.159387111

										3		1.281		4.596228		1.0928132796

										4		0.951		3.412188		1.0691075674

										5		0.756		2.712528		1.0583945204

										Final		3.588

		ECE15

		Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)		bmpe 1.3l

		1		0		0.00		1.04		1		11.316552		0		102		1134		1236		0		0		0

		2		15		4.17		1.04		1		11.316552		5		102		1134		1241		5441		27		1616		4		3.11

		3		15		4.17		0.00		1		11.316552		5		102		0		107		470		27		1616		0		0.27

		4		0		0.00		0.83		1		11.316552		0		102		907		1009		0		0		0		0		0.00

		5		15		4.17		0.83		1		11.316552		5		102		907		1014		4447		27		1616		3		2.54

		6		15		4.17		0.94		2		6.910488		5		102		876		983		4311		16		987		5		4.03

		7		32		8.89		0.94		2		6.910488		23		102		876		1001		9366		35		2105		5		4.11

		8		32		8.89		0.00		2		6.910488		23		102		0		125		1170		35		2105		1		0.51

		9		0		0.00		0.83		1		11.316552		0		102		907		1009		0		0		0		0		0.00

		10		15		4.17		0.83		1		11.316552		5		102		907		1014		4447		27		1616		3		2.54

		11		0		0.00		0.62		2		6.910488		0		102		573		675		0		0		0		0		0.00

		12		35		9.72		0.62		2		6.910488		27		102		573		702		7185		38		2303		4		2.88

		13		35		9.72		0.52		3		4.596228		27		102		455		585		5986		26		1532		5		3.61

		14		50		13.89		0.52		3		4.596228		56		102		455		614		8970		36		2188		5		3.78

		15		50		13.89		0.00		3		4.596228		56		102		0		158		2312		36		2188		1		0.98

		16		35		9.72		0.00		3		4.596228		27		102		0		130		1326		26		1532		1		0.80

		EUDC

		Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)		bmpe 1.3l

		1		0		0.00		0.83		1		11.316552		0		102		907		1009		0		0		0

		2		15		4.17		0.83		1		11.316552		5		102		907		1014		4447		27		1616		3		2.54

		3		15		4.17		0.62		2		6.910488		5		102		573		680		2981		16		987		4		2.79

		4		35		9.72		0.62		2		6.910488		27		102		573		702		7185		38		2303		4		2.88

		5		35		9.72		0.52		3		4.596228		27		102		455		585		5985		26		1532		5		3.61

		6		50		13.89		0.52		3		4.596228		56		102		455		613		8969		36		2188		5		3.78

		7		50		13.89		0.43		4		3.412188		56		102		366		524		7656		27		1624		6		4.35

		8		70		19.44		0.43		4		3.412188		110		102		366		578		11821		38		2274		6		4.80

		9		70		19.44		0.00		4		3.412188		110		102		0		212		4340		38		2274		2		1.76

		10		50		13.89		0.00		4		3.412188		56		102		0		158		2312		27		1624		2		1.31

		11		50		13.89		0.43		4		3.412188		56		102		366		524		7656		27		1624		6		4.35

		12		70		19.44		0.43		4		3.412188		110		102		366		578		11821		38		2274		6		4.80

		13		70		19.44		0.00		4		3.412188		110		102		0		212		4340		38		2274		2		1.76

		14		70		19.44		0.25		4		3.412188		110		102		216		428		8760		38		2274		5		3.56

		15		100		27.78		0.25		4		3.412188		224		102		216		542		15862		54		3249		6		4.51

		16		100		27.78		0.00		4		3.412188		224		102		0		327		9547		54		3249		4		2.71

		17		100		27.78		0.28		4		3.412188		224		102		238		564		16494		54		3249		6		4.69

		18		120		33.33		0.28		4		3.412188		323		102		238		663		23259		65		3898		7		5.51

		19		120		33.33		0.00		4		3.412188		323		102		0		425		14922		65		3898		5		3.53





kamodified

		

		Car data

				mass		Cd		A		Gear number		Gear ratio (Ford Ka modified)		Total gear ratio

				800		0.25		1.9		1		3.154		9.597622		1.2702858701

										2		1.821		5.541303		1.1167650973

										3		1.051		3.198193		1.0655710962

										4		0.795		2.419185		1.0546311402

										5		0.646		1.965778		1.0496607079

										Final		3.043

		ECE15

		Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)		bmpe 1.3l

		1		0.00		0.00		1.04175		1		9.597622		0		102		1059		1161		0		0		0

		2		15.00		4.17		1.04175		1		9.597622		5		102		1059		1166		5113		23		1371		4.48		3.44

		3		15.00		4.17		0		1		9.597622		5		102		0		107		470		23		1371		0.41		0.32

		4		0.00		0.00		0.8334		1		9.597622		0		102		847		949		0		0		0		0.00		0.00

		5		15.00		4.17		0.8334		1		9.597622		5		102		847		954		4184		23		1371		3.66		2.82

		6		15.00		4.17		0.9444		2		5.541303		5		102		844		951		4170		13		791		6.32		4.86

		7		32.00		8.89		0.9444		2		5.541303		23		102		844		969		9064		28		1688		6.44		4.96

		8		32.00		8.89		0		2		5.541303		23		102		0		125		1170		28		1688		0.83		0.64

		9		0.00		0.00		0.8334		1		9.597622		0		102		847		949		0		0		0		0.00		0.00

		10		15.00		4.17		0.8334		1		9.597622		5		102		847		954		4184		23		1371		3.66		2.82

		11		0.00		0.00		0.6173333333		2		5.541303		0		102		552		654		0		0		0		0.00		0.00

		12		35.00		9.72		0.6173333333		2		5.541303		27		102		552		681		6970		31		1847		4.53		3.48

		13		35.00		9.72		0.520875		3		3.198193		27		102		444		574		5870		18		1066		6.61		5.08

		14		50.00		13.89		0.520875		3		3.198193		56		102		444		602		8804		25		1522		6.94		5.34

		15		50.00		13.89		0		3		3.198193		56		102		0		158		2312		25		1522		1.82		1.40

		16		35.00		9.72		0		3		3.198193		27		102		0		130		1326		18		1066		1.49		1.15

		EUDC

		Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)		bmpe 1.3l

		1		0.00		0.00		0.8333333333		1		9.597622		0		102		847		949		0		0		0

		2		15.00		4.17		0.8333333333		1		9.597622		5		102		847		954		4184		23		1371		3.66		2.82

		3		15.00		4.17		0.6172839506		2		5.541303		5		102		551		659		2888		13		791		4.38		3.37

		4		35.00		9.72		0.6172839506		2		5.541303		27		102		551		681		6969		31		1847		4.53		3.48

		5		35.00		9.72		0.5208333333		3		3.198193		27		102		444		574		5869		18		1066		6.61		5.08

		6		50.00		13.89		0.5208333333		3		3.198193		56		102		444		602		8803		25		1522		6.94		5.34

		7		50.00		13.89		0.4273504274		4		2.419185		56		102		361		519		7583		19		1152		7.90		6.08

		8		70.00		19.44		0.4273504274		4		2.419185		110		102		361		573		11719		27		1612		8.72		6.71

		9		70.00		19.44		0		4		2.419185		110		102		0		212		4340		27		1612		3.23		2.48

		10		50.00		13.89		0		4		2.419185		56		102		0		158		2312		19		1152		2.41		1.85

		11		50.00		13.89		0.4273504274		4		2.419185		56		102		361		519		7583		19		1152		7.90		6.08

		12		70.00		19.44		0.4273504274		4		2.419185		110		102		361		573		11719		27		1612		8.72		6.71

		13		70.00		19.44		0		4		2.419185		110		102		0		212		4340		27		1612		3.23		2.48

		14		70.00		19.44		0.2525252525		4		2.419185		110		102		213		425		8700		27		1612		6.48		4.98

		15		100.00		27.78		0.2525252525		4		2.419185		224		102		213		540		15777		38		2303		8.22		6.32

		16		100.00		27.78		0		4		2.419185		224		102		0		327		9547		38		2303		4.97		3.83

		17		100.00		27.78		0.2777777778		4		2.419185		224		102		234		561		16400		38		2303		8.54		6.57

		18		120.00		33.33		0.2777777778		4		2.419185		323		102		234		660		23146		46		2764		10.05		7.73

		19		120.00		33.33		0		4		2.419185		323		102		0		425		14922		46		2764		6.48		4.98





s masa

		

		Car data

				mass		Cd		A		Gear number		Gear ratio (Agila)		Total gear ratio

				1150

				1100

				1050

				1000

				950

				900

				850

				800		0.25		1.9		1		3.42		15.0138		1.6035354761

				750						2		1.9		8.341		1.2139307025

				700						3		1.28		5.6192		1.1189385216

				650						4		0.97		4.2583		1.0853327972

				600						5		0.82		3.5998		1.0723964001

										Final		4.39

		ECE15

		Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)				Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)

		7		32		8.89		0.94		2		8.341		23		147		1318		1488		13923		42		2541		6.57				14		50		13.89		0.52		3		5.6192		56		147		670		873		12764		45		2675		5.73

		7		32		8.89		0.94		2		8.341		23		140		1261		1424		13327		42		2541		6.29				14		50		13.89		0.52		3		5.6192		56		140		641		838		12244		45		2675		5.49

		7		32		8.89		0.94		2		8.341		23		134		1204		1361		12731		42		2541		6.01				14		50		13.89		0.52		3		5.6192		56		134		612		802		11725		45		2675		5.26

		7		32		8.89		0.94		2		8.341		23		128		1146		1297		12135		42		2541		5.73				14		50		13.89		0.52		3		5.6192		56		128		583		766		11206		45		2675		5.03

		7		32		8.89		0.94		2		8.341		23		121		1089		1233		11539		42		2541		5.45				14		50		13.89		0.52		3		5.6192		56		121		554		731		10687		45		2675		4.79

		7		32		8.89		0.94		2		8.341		23		115		1032		1170		10943		42		2541		5.17				14		50		13.89		0.52		3		5.6192		56		115		525		695		10167		45		2675		4.56

		7		32		8.89		0.94		2		8.341		23		108		974		1106		10347		42		2541		4.89				14		50		13.89		0.52		3		5.6192		56		108		495		660		9648		45		2675		4.33

		7		32		8.89		0.94		2		8.341		23		102		917		1042		9751		42		2541		4.60				14		50		13.89		0.52		3		5.6192		56		102		466		624		9129		45		2675		4.10

		7		32		8.89		0.94		2		8.341		23		96		860		978		9155		42		2541		4.32				14		50		13.89		0.52		3		5.6192		56		96		437		589		8610		45		2675		3.86

		7		32		8.89		0.94		2		8.341		23		89		803		915		8559		42		2541		4.04				14		50		13.89		0.52		3		5.6192		56		89		408		553		8090		45		2675		3.63

		7		32		8.89		0.94		2		8.341		23		83		745		851		7963		42		2541		3.76				14		50		13.89		0.52		3		5.6192		56		83		379		518		7571		45		2675		3.40

		7		32		8.89		0.94		2		8.341		23		77		688		787		7367		42		2541		3.48				14		50		13.89		0.52		3		5.6192		56		77		350		482		7052		45		2675		3.16

		EUDC

		Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)				Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)

		8		70		19.44		0.43		4		4.2583		110		147		533		790		16171		47		2838		6.84				18		120		33.33		0.28		4		4.2583		323		147		347		817		28654		81		4865		7.07

		8		70		19.44		0.43		4		4.2583		110		140		510		760		15565		47		2838		6.58				18		120		33.33		0.28		4		4.2583		323		140		332		795		27901		81		4865		6.88

		8		70		19.44		0.43		4		4.2583		110		134		487		731		14960		47		2838		6.33				18		120		33.33		0.28		4		4.2583		323		134		317		774		27148		81		4865		6.70

		8		70		19.44		0.43		4		4.2583		110		128		464		701		14355		47		2838		6.07				18		120		33.33		0.28		4		4.2583		323		128		301		752		26396		81		4865		6.51

		8		70		19.44		0.43		4		4.2583		110		121		441		672		13750		47		2838		5.81				18		120		33.33		0.28		4		4.2583		323		121		286		731		25643		81		4865		6.32

		8		70		19.44		0.43		4		4.2583		110		115		417		642		13145		47		2838		5.56				18		120		33.33		0.28		4		4.2583		323		115		271		709		24890		81		4865		6.14

		8		70		19.44		0.43		4		4.2583		110		108		394		613		12540		47		2838		5.30				18		120		33.33		0.28		4		4.2583		323		108		256		688		24138		81		4865		5.95

		8		70		19.44		0.43		4		4.2583		110		102		371		583		11934		47		2838		5.05				18		120		33.33		0.28		4		4.2583		323		102		241		666		23385		81		4865		5.77

		8		70		19.44		0.43		4		4.2583		110		96		348		554		11329		47		2838		4.79				18		120		33.33		0.28		4		4.2583		323		96		226		645		22632		81		4865		5.58

		8		70		19.44		0.43		4		4.2583		110		89		325		524		10724		47		2838		4.53				18		120		33.33		0.28		4		4.2583		323		89		211		624		21880		81		4865		5.40

		8		70		19.44		0.43		4		4.2583		110		83		301		494		10119		47		2838		4.28				18		120		33.33		0.28		4		4.2583		323		83		196		602		21127		81		4865		5.21

		8		70		19.44		0.43		4		4.2583		110		77		278		465		9514		47		2838		4.02				18		120		33.33		0.28		4		4.2583		323		77		181		581		20374		81		4865		5.03
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s Cd

		

		Car data

				mass		Cd		A		Gear number		Gear ratio (Agila)		Total gear ratio

						0.21

						0.22

						0.23

						0.24

				800		0.25		1.9		1		3.42		15.0138		1.6035354761

						0.26				2		1.9		8.341		1.2139307025

						0.27				3		1.28		5.6192		1.1189385216

						0.28				4		0.97		4.2583		1.0853327972

						0.29				5		0.82		3.5998		1.0723964001

						0.3				Final		4.39

						0.31

						0.32

						0.33

						0.34

		ECE15

		Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)				Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)

		7		32		8.89		0.94		2		8.341		19		102		917		1038		9717		42		2541		4.59				14		50		13.89		0.52		3		5.6192		47		102		466		615		8997		45		2675		4.04

		7		32		8.89		0.94		2		8.341		20		102		917		1039		9725		42		2541		4.59				14		50		13.89		0.52		3		5.6192		49		102		466		618		9030		45		2675		4.05

		7		32		8.89		0.94		2		8.341		21		102		917		1040		9734		42		2541		4.60				14		50		13.89		0.52		3		5.6192		52		102		466		620		9063		45		2675		4.07

		7		32		8.89		0.94		2		8.341		22		102		917		1041		9743		42		2541		4.60				14		50		13.89		0.52		3		5.6192		54		102		466		622		9096		45		2675		4.08

		7		32		8.89		0.94		2		8.341		23		102		917		1042		9751		42		2541		4.60				14		50		13.89		0.52		3		5.6192		56		102		466		624		9129		45		2675		4.10

		7		32		8.89		0.94		2		8.341		24		102		917		1043		9760		42		2541		4.61				14		50		13.89		0.52		3		5.6192		58		102		466		627		9162		45		2675		4.11

		7		32		8.89		0.94		2		8.341		25		102		917		1044		9768		42		2541		4.61				14		50		13.89		0.52		3		5.6192		61		102		466		629		9194		45		2675		4.12

		7		32		8.89		0.94		2		8.341		26		102		917		1045		9777		42		2541		4.62				14		50		13.89		0.52		3		5.6192		63		102		466		631		9227		45		2675		4.14

		7		32		8.89		0.94		2		8.341		27		102		917		1046		9786		42		2541		4.62				14		50		13.89		0.52		3		5.6192		65		102		466		633		9260		45		2675		4.15

		7		32		8.89		0.94		3		8.341		28		102		917		1047		9794		42		2541		4.62				14		50		13.89		0.52		4		5.6192		67		102		466		636		9293		45		2675		4.17

		7		32		8.89		0.94		4		8.341		29		102		917		1048		9803		42		2541		4.63				14		50		13.89		0.52		5		5.6192		70		102		466		638		9326		45		2675		4.18

		7		32		8.89		0.94		5		8.341		29		102		917		1049		9811		42		2541		4.63				14		50		13.89		0.52		6		5.6192		72		102		466		640		9359		45		2675		4.20

		7		32		8.89		0.94		6		8.341		30		102		917		1050		9820		42		2541		4.64				14		50		13.89		0.52		7		5.6192		74		102		466		642		9391		45		2675		4.21

		7		32		8.89		0.94		7		8.341		31		102		917		1050		9829		42		2541		4.64				14		50		13.89		0.52		8		5.6192		76		102		466		645		9424		45		2675		4.23

		EUDC

		Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)				Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)

		8		70		19.44		0.43		4		4.2583		92		102		371		565		11574		47		2838		4.89				18		120		33.33		0.28		4		4.2583		272		102		241		615		21570		81		4865		5.32

		8		70		19.44		0.43		4		4.2583		97		102		371		570		11664		47		2838		4.93				18		120		33.33		0.28		4		4.2583		284		102		241		628		22024		81		4865		5.43

		8		70		19.44		0.43		4		4.2583		101		102		371		574		11754		47		2838		4.97				18		120		33.33		0.28		4		4.2583		297		102		241		641		22478		81		4865		5.54

		8		70		19.44		0.43		4		4.2583		106		102		371		579		11844		47		2838		5.01				18		120		33.33		0.28		4		4.2583		310		102		241		654		22931		81		4865		5.66

		8		70		19.44		0.43		4		4.2583		110		102		371		583		11934		47		2838		5.05				18		120		33.33		0.28		4		4.2583		323		102		241		666		23385		81		4865		5.77

		8		70		19.44		0.43		4		4.2583		114		102		371		587		12024		47		2838		5.08				18		120		33.33		0.28		4		4.2583		336		102		241		679		23839		81		4865		5.88

		8		70		19.44		0.43		4		4.2583		119		102		371		592		12114		47		2838		5.12				18		120		33.33		0.28		4		4.2583		349		102		241		692		24292		81		4865		5.99

		8		70		19.44		0.43		4		4.2583		123		102		371		596		12205		47		2838		5.16				18		120		33.33		0.28		4		4.2583		362		102		241		705		24746		81		4865		6.10

		8		70		19.44		0.43		4		4.2583		128		102		371		601		12295		47		2838		5.20				18		120		33.33		0.28		4		4.2583		375		102		241		718		25200		81		4865		6.22

		8		70		19.44		0.43		5		4.2583		132		102		371		605		12385		47		2838		5.24				18		120		33.33		0.28		5		4.2583		388		102		241		731		25654		81		4865		6.33

		8		70		19.44		0.43		6		4.2583		136		102		371		609		12475		47		2838		5.27				18		120		33.33		0.28		6		4.2583		401		102		241		744		26107		81		4865		6.44

		8		70		19.44		0.43		7		4.2583		141		102		371		614		12565		47		2838		5.31				18		120		33.33		0.28		7		4.2583		414		102		241		757		26561		81		4865		6.55

		8		70		19.44		0.43		8		4.2583		145		102		371		618		12655		47		2838		5.35				18		120		33.33		0.28		8		4.2583		427		102		241		770		27015		81		4865		6.66

		8		70		19.44		0.43		9		4.2583		150		102		371		623		12745		47		2838		5.39				18		120		33.33		0.28		9		4.2583		440		102		241		783		27468		81		4865		6.78





s Cd
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ECE 14
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hapresentacion

		ECE 15

		Points		Velocity (Km/h)		Acceleration (m/s2)		Gear		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/min)		bmep (bar)

		1		0		1.04		1		0.00		102.02		1402.53		1504.55		0.00		0.00		!

		2		15		1.04		1		5.05		102.02		1402.53		1509.60		6621.07		2290.17		3.47

		3		15		0.00		1		5.05		102.02		0.00		107.07		469.63		2290.17		0.25

		4		0		0.83		1		0.00		102.02		1122.02		1224.05		0.00		0.00		!

		5		15		0.83		1		5.05		102.02		1122.02		1229.10		5390.78		2290.17		2.82

		6		15		0.94		2		5.05		102.02		933.13		1040.20		4562.28		1261.53		4.34

		7		32		0.94		2		22.99		102.02		933.13		1058.14		9900.70		2691.27		4.41

		8		32		0.00		2		22.99		102.02		0.00		125.01		1169.70		2691.27		0.52

		9		0		0.83		1		0.00		102.02		1122.02		1224.05		0.00		0.00		!

		10		15		0.83		1		5.05		102.02		1122.02		1229.10		5390.78		2290.17		2.82

		11		0		0.62		2		0.00		102.02		609.96		711.99		0.00		0.00		!

		12		35		0.62		2		27.50		102.02		609.96		739.49		7567.85		2943.57		3.09

		13		35		0.52		3		27.50		102.02		470.05		599.58		6136.03		1977.48		3.72

		14		50		0.52		3		56.12		102.02		470.05		628.20		9184.22		2824.97		3.90

		15		50		0.00		3		56.12		102.02		0.00		158.15		2312.08		2824.97		0.98

		16		35		0.00		3		27.50		102.02		0.00		129.52		1325.54		1977.48		0.80

		EUDC

		Points		Velocity (Km/h)		Acceleration (m/s2)		Gear		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/min)		bmep (bar)

		1		0		0.83		1		0.00		102.02		1121.93		1223.96		0.00		0.00

		2		15		0.83		1		5.05		102.02		1121.93		1229.01		5390.39		2290.17		2.82

		3		15		0.62		2		5.05		102.02		609.91		716.99		3144.69		1261.53		2.99

		4		35		0.62		2		27.50		102.02		609.91		739.44		7567.35		2943.57		3.08

		5		35		0.52		3		27.50		102.02		470.02		599.54		6135.65		1977.48		3.72

		6		50		0.52		3		56.12		102.02		470.02		628.16		9183.67		2824.97		3.90

		7		50		0.43		4		56.12		102.02		370.40		528.55		7727.29		1983.95		4.67

		8		70		0.43		4		110.00		102.02		370.40		582.42		11920.96		2777.53		5.15

		9		70		0.00		4		110.00		102.02		0.00		212.02		4339.66		2777.53		1.87

		10		50		0.00		4		56.12		102.02		0.00		158.15		2312.08		1983.95		1.40

		11		50		0.43		4		56.12		102.02		370.40		528.55		7727.29		1983.95		4.67

		12		70		0.43		4		110.00		102.02		370.40		582.42		11920.96		2777.53		5.15

		13		70		0.00		4		110.00		102.02		0.00		212.02		4339.66		2777.53		1.87

		14		70		0.25		4		110.00		102.02		218.87		430.90		8819.52		2777.53		3.81

		15		100		0.25		4		224.49		102.02		218.87		545.39		15946.96		3967.90		4.82

		16		100		0.00		4		224.49		102.02		0.00		326.51		9547.16		3967.90		2.89

		17		100		0.28		4		224.49		102.02		240.76		567.27		16586.94		3967.90		5.02

		18		120		0.28		4		323.26		102.02		240.76		666.05		23370.12		4761.47		5.89

		19		120		0.00		4		323.26		102.02		0.00		425.29		14922.38		4761.47		3.76
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Table 3.7

0.7 l

0.6l

0.55l

rpm

Nm
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Sheet1

		0		22.4

		2290		22.5

		1262		23.8								rpm		sa5		total torque		sa5-0.6l		total 0.6		sa5-055l		total 0.55								Otto torque		total otto

		2944		24.6								1000		18.493		55.479		15.501		46.503		12.175		36.525						1000		38.361		115.083

		1977		29.6								2000		18.938		56.814		15.903		47.709		12.745		38.235						1500		37.788		113.364

		2825		31.1								3000		20.336		61.008		17.093		51.279		13.683		41.049						2000		37.201		111.603

		1984		37.2								4000		19.985		59.955		17.429		52.287		14.341		43.023						2500		44.653		133.959

		2778		41								5000		17.067		51.201		15.679		47.037		13.75		41.25						2800		43.871		131.613

		2778		14.9								6000		14.262		42.786		13.341		40.023		12.016		36.048						3000		44.621		133.863

		1984		11.1								7000		12.578		37.734		11.904		35.712		10.982		32.946						3200		45.207		135.621

		1984		37.2																										3500		46.505		139.515

		2778		41																										4000		50.79		152.37

		2778		14.9																										4500		50.897		152.691

		2778		30.3																										4800		51.163		153.489

		3968		38.4																										5000		49.975		149.925

		3968		23																										5200		48.366		145.098

		3968		39.9																										5500		46.094		138.282

		4761		46.9																										6000		42.916		128.748

		4761		29.9																										6500		38.683		116.049

		0		27.5																										7000		34.666		103.998
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principal

		Baseline2

		rpm		bsfc		power		torque		voleff

		1000		268.65		1.5902		15.185		0.75939

		2000		241.06		3.9564		18.89		0.88593

		3000		239.68		6.3503		20.213		0.93567

		4000		246.15		8.5527		20.418		0.94972

		5000		256.05		9.0598		17.303		0.84163

		6000		277.36		8.9417		14.231		0.74897

		7000		300.32		9.2742		12.652		0.72426

				312.65		9.7335		11.619		0.69191

		sa1

		rpm		bsfc		power		torque		voleff

		1000		269.2		1.5493		14.795		0.74096

		2000		238.59		3.9352		18.789		0.90401

		3000		239.5		6.3051		20.07		0.9273

		4000		246.09		8.3991		20.051		0.93086

		5000		255.53		9.336		17.83		0.86106

		6000		273.01		9.4817		15.091		0.78404

		7000		299.5		9.3278		12.725		0.72597

				314.82		9.2863		11.085		0.67224

		sa2

		rpm		bsfc		power		torque		voleff

		1000		266.05		1.6525		15.78		0.78834

		2000		241.9		3.994		19.07		0.88862

		3000		240.14		6.628		21.098		0.97249

		4000		246.8		8.2191		19.622		0.91786

		5000		256.56		9.0614		17.306		0.84446

		6000		277.29		8.895		14.157		0.74816

		7000		303.63		8.9727		12.24		0.70665

				324.31		8.8272		10.537		0.65115

		sa2b

		rpm		bsfc		power		torque		voleff

		1000		266.43		1.7564		16.772		0.83754

		2000		240.81		4.1248		19.695		0.92746

		3000		242.9		6.2853		20.007		0.93081

		4000		251.16		7.4019		17.671		0.83925

		5000		264.39		7.9515		15.186		0.75839

		6000		280.68		8.1208		12.925		0.69208

		7000		308.99		8.4518		11.53		0.67377

				330.38		8.2457		9.8426		0.61912

		sa3												sa3b

		rpm		bsfc		power		torque		voleff				rpm		bsfc		power		torque		voleff

		1000		267.16		1.6478		15.735		0.78576				1000		267.16		1.6794		16.037		0.79997

		2000		240.53		3.8928		18.587		0.87711				2000		240.53		3.9632		18.923		0.88319

		3000		240		6.4599		20.562		0.94799				3000		240		6.4416		20.504		0.94884

		4000		246.01		8.6606		20.676		0.96031				4000		246.01		8.6099		20.555		0.95896

		5000		256.81		9.0002		17.189		0.83554				5000		256.81		8.8677		16.936		0.82802

		6000		277.15		8.9893		14.307		0.75239				6000		277.15		9.1899		14.626		0.76228

		7000		295.98		9.4615		12.907		0.73627				7000		295.98		9.6266		13.132		0.7445

				311.76		9.7365		11.622		0.69653						311.76		9.6852		11.561		0.69129

		sa4

		rpm		bsfc		power		torque		voleff

		1000		267.34		1.6851		16.092		0.80353

		2000		242.69		3.9997		19.097		0.88514

		3000		240.96		6.4369		20.489		0.94326

		4000		245.36		8.4259		20.115		0.9356

		5000		258.27		8.8007		16.808		0.82263

		6000		276.29		8.9458		14.238		0.75006

		7000		298.61		9.3335		12.733		0.72635

				318.4		9.396		11.216		0.67259

		sa5

		rpm		bsfc		power		torque		voleff

		1000		276.63		1.9366		18.493		0.93722

		2000		241.85		3.9664		18.938		0.88393

		3000		241.07		6.3887		20.336		0.93664

		4000		245.11		8.3712		19.985		0.93122

		5000		257.79		8.936		17.067		0.83307

		6000		275.9		8.9613		14.262		0.75034

		7000		301.05		9.2202		12.578		0.72003

				320.74		9.2814		11.079		0.6658

		sa6

		rpm		bsfc		power		torque		voleff

		1000		282.93		1.7878		17.072		0.8394

		2000		241.69		3.9592		18.904		0.88274

		3000		241.77		6.3734		20.287		0.93261

		4000		245.9		8.4019		20.058		0.93254

		5000		257.77		8.9084		17.014		0.83159

		6000		277.22		8.9538		14.25		0.74687

		7000		301.62		9.2128		12.568		0.71825

				320.16		9.4571		11.289		0.66998

		sa7		average

		rpm		bsfc		power		torque		voleff

		1000		267.0433333333		1.628		15.5466666667		0.78144

		2000		241.5533333333		4.0293666667		19.239		0.89552

		3000		240.2066666667		6.5657		20.899		0.9597533333

		4000		247.08		8.6431333333		20.634		0.9592733333

		5000		256.11		9.5379		18.2163333333		0.8870633333

		6000		275.37		9.8617		15.6956666667		0.8184833333

		7000		299.1966666667		9.8205333333		13.397		0.76182

				315.09		9.8339666667		11.7386666667		0.7030233333

		sa8		It is wrong, it has side branch configuration										sa8-bien

		rpm		bsfc		power		torque		voleff				rpm		bsfc		power		torque		voleff

		1000		261.15		1.6836		16.077		0.82461				1000		263.31		1.626		15.527		0.77855

		2000		240.24		3.9861		19.032		0.89203				2000		239.09		3.9574		18.895		0.89823

		3000		238.06		6.6229		21.081		0.97943				3000		239.93		6.4277		20.46		0.94432

		4000		243.27		8.5929		20.514		0.9677				4000		247.02		8.3627		19.964		0.93046

		5000		246.13		10.189		19.459		0.96546				5000		254.42		9.4087		17.969		0.87183

		6000		269.01		10.296		16.386		0.83534				6000		276.27		9.2192		14.673		0.77203

		7000		295.42		10.301		14.052		0.79204				7000		300.41		9.4627		12.909		0.74696

				314.87		10.626		12.684		0.75463						312.3		10.341		12.344		0.73767

		sa9

		rpm		bsfc		power		torque		voleff

		1000		260.35		1.6888		16.127		0.83507

		2000		242.69		4.0289		19.237		0.89472

		3000		240.32		6.3868		20.33		0.9436

		4000		246.71		8.2471		19.688		0.9222

		5000		256.23		9.3872		17.928		0.87613

		6000		274.73		10.134		16.129		0.84286

		7000		308		10.155		13.853		0.79874

				323.12		10.248		12.232		0.75068
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best is sidebranch
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voleff-sensitivity-cams
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plenums

		Baseline2

		rpm		bsfc		power		torque		voleff

		1000		268.65		1.5902		15.185		0.75939

		2000		241.06		3.9564		18.89		0.88593

		3000		239.68		6.3503		20.213		0.93567

		4000		246.15		8.5527		20.418		0.94972

		5000		256.05		9.0598		17.303		0.84163

		6000		277.36		8.9417		14.231		0.74897

		7000		300.32		9.2742		12.652		0.72426

				312.65		9.7335		11.619		0.69191

		sa1

		rpm		bsfc		power		torque		voleff

		1000		269.2		1.5493		14.795		0.74096

		2000		238.59		3.9352		18.789		0.90401

		3000		239.5		6.3051		20.07		0.9273

		4000		246.09		8.3991		20.051		0.93086

		5000		255.53		9.336		17.83		0.86106

		6000		273.01		9.4817		15.091		0.78404

		7000		299.5		9.3278		12.725		0.72597

				314.82		9.2863		11.085		0.67224

		sa2

		rpm		bsfc		power		torque		voleff

		1000		266.05		1.6525		15.78		0.78834

		2000		241.9		3.994		19.07		0.88862

		3000		240.14		6.628		21.098		0.97249

		4000		246.8		8.2191		19.622		0.91786

		5000		256.56		9.0614		17.306		0.84446

		6000		277.29		8.895		14.157		0.74816

		7000		303.63		8.9727		12.24		0.70665

				324.31		8.8272		10.537		0.65115

		sa2b

		rpm		bsfc		power		torque		voleff

		1000		266.43		1.7564		16.772		0.83754

		2000		240.81		4.1248		19.695		0.92746

		3000		242.9		6.2853		20.007		0.93081

		4000		251.16		7.4019		17.671		0.83925

		5000		264.39		7.9515		15.186		0.75839

		6000		280.68		8.1208		12.925		0.69208

		7000		308.99		8.4518		11.53		0.67377

				330.38		8.2457		9.8426		0.61912

		sa3												sa3b

		rpm		bsfc		power		torque		voleff				rpm		bsfc		power		torque		voleff

		1000		267.16		1.6478		15.735		0.78576				1000		267.16		1.6794		16.037		0.79997

		2000		240.53		3.8928		18.587		0.87711				2000		240.53		3.9632		18.923		0.88319

		3000		240		6.4599		20.562		0.94799				3000		240		6.4416		20.504		0.94884

		4000		246.01		8.6606		20.676		0.96031				4000		246.01		8.6099		20.555		0.95896

		5000		256.81		9.0002		17.189		0.83554				5000		256.81		8.8677		16.936		0.82802

		6000		277.15		8.9893		14.307		0.75239				6000		277.15		9.1899		14.626		0.76228

		7000		295.98		9.4615		12.907		0.73627				7000		295.98		9.6266		13.132		0.7445

				311.76		9.7365		11.622		0.69653						311.76		9.6852		11.561		0.69129

		sa4

		rpm		bsfc		power		torque		voleff

		1000		267.34		1.6851		16.092		0.80353

		2000		242.69		3.9997		19.097		0.88514

		3000		240.96		6.4369		20.489		0.94326

		4000		245.36		8.4259		20.115		0.9356

		5000		258.27		8.8007		16.808		0.82263

		6000		276.29		8.9458		14.238		0.75006

		7000		298.61		9.3335		12.733		0.72635

				318.4		9.396		11.216		0.67259

		sa5

		rpm		bsfc		power		torque		voleff

		1000		276.63		1.9366		18.493		0.93722

		2000		241.85		3.9664		18.938		0.88393

		3000		241.07		6.3887		20.336		0.93664

		4000		245.11		8.3712		19.985		0.93122

		5000		257.79		8.936		17.067		0.83307

		6000		275.9		8.9613		14.262		0.75034

		7000		301.05		9.2202		12.578		0.72003

				320.74		9.2814		11.079		0.6658

		sa6

		rpm		bsfc		power		torque		voleff

		1000		282.93		1.7878		17.072		0.8394

		2000		241.69		3.9592		18.904		0.88274

		3000		241.77		6.3734		20.287		0.93261

		4000		245.9		8.4019		20.058		0.93254

		5000		257.77		8.9084		17.014		0.83159

		6000		277.22		8.9538		14.25		0.74687

		7000		301.62		9.2128		12.568		0.71825

				320.16		9.4571		11.289		0.66998

		sa7		average

		rpm		bsfc		power		torque		voleff

		1000		267.0433333333		1.628		15.5466666667		0.78144

		2000		241.5533333333		4.0293666667		19.239		0.89552

		3000		240.2066666667		6.5657		20.899		0.9597533333

		4000		247.08		8.6431333333		20.634		0.9592733333

		5000		256.11		9.5379		18.2163333333		0.8870633333

		6000		275.37		9.8617		15.6956666667		0.8184833333

		7000		299.1966666667		9.8205333333		13.397		0.76182

				315.09		9.8339666667		11.7386666667		0.7030233333

		sa8		It is wrong, it has side branch configuration										sa8-bien

		rpm		bsfc		power		torque		voleff				rpm		bsfc		power		torque		voleff

		1000		261.15		1.6836		16.077		0.82461				1000		263.31		1.626		15.527		0.77855

		2000		240.24		3.9861		19.032		0.89203				2000		239.09		3.9574		18.895		0.89823

		3000		238.06		6.6229		21.081		0.97943				3000		239.93		6.4277		20.46		0.94432

		4000		243.27		8.5929		20.514		0.9677				4000		247.02		8.3627		19.964		0.93046

		5000		246.13		10.189		19.459		0.96546				5000		254.42		9.4087		17.969		0.87183

		6000		269.01		10.296		16.386		0.83534				6000		276.27		9.2192		14.673		0.77203

		7000		295.42		10.301		14.052		0.79204				7000		300.41		9.4627		12.909		0.74696

				314.87		10.626		12.684		0.75463						312.3		10.341		12.344		0.73767

		sa9

		rpm		bsfc		power		torque		voleff

		1000		260.35		1.6888		16.127		0.83507

		2000		242.69		4.0289		19.237		0.89472

		3000		240.32		6.3868		20.33		0.9436

		4000		246.71		8.2471		19.688		0.9222

		5000		256.23		9.3872		17.928		0.87613

		6000		274.73		10.134		16.129		0.84286

		7000		308		10.155		13.853		0.79874

				323.12		10.248		12.232		0.75068
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report-lengths
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report-plenums-sidebranch
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side branch
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sidebranchgraph

		Baseline2

		rpm		bsfc		power		torque		voleff

		1000		268.65		1.5902		15.185		0.75939

		2000		241.06		3.9564		18.89		0.88593

		3000		239.68		6.3503		20.213		0.93567

		4000		246.15		8.5527		20.418		0.94972

		5000		256.05		9.0598		17.303		0.84163

		6000		277.36		8.9417		14.231		0.74897

		7000		300.32		9.2742		12.652		0.72426

				312.65		9.7335		11.619		0.69191

		sa1

		rpm		bsfc		power		torque		voleff

		1000		269.2		1.5493		14.795		0.74096

		2000		238.59		3.9352		18.789		0.90401

		3000		239.5		6.3051		20.07		0.9273

		4000		246.09		8.3991		20.051		0.93086

		5000		255.53		9.336		17.83		0.86106

		6000		273.01		9.4817		15.091		0.78404

		7000		299.5		9.3278		12.725		0.72597

				314.82		9.2863		11.085		0.67224

		sa2

		rpm		bsfc		power		torque		voleff

		1000		266.05		1.6525		15.78		0.78834

		2000		241.9		3.994		19.07		0.88862

		3000		240.14		6.628		21.098		0.97249

		4000		246.8		8.2191		19.622		0.91786

		5000		256.56		9.0614		17.306		0.84446

		6000		277.29		8.895		14.157		0.74816

		7000		303.63		8.9727		12.24		0.70665

				324.31		8.8272		10.537		0.65115

		sa2b

		rpm		bsfc		power		torque		voleff

		1000		266.43		1.7564		16.772		0.83754

		2000		240.81		4.1248		19.695		0.92746

		3000		242.9		6.2853		20.007		0.93081

		4000		251.16		7.4019		17.671		0.83925

		5000		264.39		7.9515		15.186		0.75839

		6000		280.68		8.1208		12.925		0.69208

		7000		308.99		8.4518		11.53		0.67377

				330.38		8.2457		9.8426		0.61912

		sa3												sa3b

		rpm		bsfc		power		torque		voleff				rpm		bsfc		power		torque		voleff

		1000		267.16		1.6478		15.735		0.78576				1000		267.16		1.6794		16.037		0.79997

		2000		240.53		3.8928		18.587		0.87711				2000		240.53		3.9632		18.923		0.88319

		3000		240		6.4599		20.562		0.94799				3000		240		6.4416		20.504		0.94884

		4000		246.01		8.6606		20.676		0.96031				4000		246.01		8.6099		20.555		0.95896

		5000		256.81		9.0002		17.189		0.83554				5000		256.81		8.8677		16.936		0.82802

		6000		277.15		8.9893		14.307		0.75239				6000		277.15		9.1899		14.626		0.76228

		7000		295.98		9.4615		12.907		0.73627				7000		295.98		9.6266		13.132		0.7445

				311.76		9.7365		11.622		0.69653						311.76		9.6852		11.561		0.69129

		sa4

		rpm		bsfc		power		torque		voleff

		1000		267.34		1.6851		16.092		0.80353

		2000		242.69		3.9997		19.097		0.88514

		3000		240.96		6.4369		20.489		0.94326

		4000		245.36		8.4259		20.115		0.9356

		5000		258.27		8.8007		16.808		0.82263

		6000		276.29		8.9458		14.238		0.75006

		7000		298.61		9.3335		12.733		0.72635

				318.4		9.396		11.216		0.67259

		sa5

		rpm		bsfc		power		torque		voleff

		1000		276.63		1.9366		18.493		0.93722

		2000		241.85		3.9664		18.938		0.88393

		3000		241.07		6.3887		20.336		0.93664

		4000		245.11		8.3712		19.985		0.93122

		5000		257.79		8.936		17.067		0.83307

		6000		275.9		8.9613		14.262		0.75034

		7000		301.05		9.2202		12.578		0.72003

				320.74		9.2814		11.079		0.6658

		sa6

		rpm		bsfc		power		torque		voleff

		1000		282.93		1.7878		17.072		0.8394

		2000		241.69		3.9592		18.904		0.88274

		3000		241.77		6.3734		20.287		0.93261

		4000		245.9		8.4019		20.058		0.93254

		5000		257.77		8.9084		17.014		0.83159

		6000		277.22		8.9538		14.25		0.74687

		7000		301.62		9.2128		12.568		0.71825

				320.16		9.4571		11.289		0.66998

		sa7		average

		rpm		bsfc		power		torque		voleff

		1000		267.0433333333		1.628		15.5466666667		0.78144

		2000		241.5533333333		4.0293666667		19.239		0.89552

		3000		240.2066666667		6.5657		20.899		0.9597533333

		4000		247.08		8.6431333333		20.634		0.9592733333

		5000		256.11		9.5379		18.2163333333		0.8870633333

		6000		275.37		9.8617		15.6956666667		0.8184833333

		7000		299.1966666667		9.8205333333		13.397		0.76182

				315.09		9.8339666667		11.7386666667		0.7030233333

		sa8		It is wrong, it has side branch configuration										sa8-bien

		rpm		bsfc		power		torque		voleff				rpm		bsfc		power		torque		voleff

		1000		261.15		1.6836		16.077		0.82461				1000		263.31		1.626		15.527		0.77855

		2000		240.24		3.9861		19.032		0.89203				2000		239.09		3.9574		18.895		0.89823

		3000		238.06		6.6229		21.081		0.97943				3000		239.93		6.4277		20.46		0.94432

		4000		243.27		8.5929		20.514		0.9677				4000		247.02		8.3627		19.964		0.93046

		5000		246.13		10.189		19.459		0.96546				5000		254.42		9.4087		17.969		0.87183

		6000		269.01		10.296		16.386		0.83534				6000		276.27		9.2192		14.673		0.77203

		7000		295.42		10.301		14.052		0.79204				7000		300.41		9.4627		12.909		0.74696

				314.87		10.626		12.684		0.75463						312.3		10.341		12.344		0.73767

		sa9

		rpm		bsfc		power		torque		voleff

		1000		260.35		1.6888		16.127		0.83507

		2000		242.69		4.0289		19.237		0.89472

		3000		240.32		6.3868		20.33		0.9436

		4000		246.71		8.2471		19.688		0.9222

		5000		256.23		9.3872		17.928		0.87613

		6000		274.73		10.134		16.129		0.84286

		7000		308		10.155		13.853		0.79874

				323.12		10.248		12.232		0.75068
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				Cam		Length

		´rend vol		15-7-01-1		Baseline-lengths

		1000		0.7433		0.75939

		2000		0.89716		0.88593

		3000		0.90449		0.93567

		4000		1.0553		0.94972

		5000		1.0388		0.84163

		6000		0.93236		0.74897

		Power		15-7-01-1		Baseline-lengths

		1000		1.5571		1.5902

		2000		4.001		3.9564

		3000		6.1139		6.3503

		4000		9.653		8.5527

		5000		11.525		9.0598

		6000		11.554		8.9417

		Torque		15-7-01-1		Baseline-lengths

		1000		14.869		15.185

		2000		19.103		18.89

		3000		19.461		20.213

		4000		23.045		20.418

		5000		22.011		17.303

		6000		18.389		14.231

		bsfc		15-7-01-1		Baseline-lengths

		1000		269.25		268.65

		2000		239.43		241.06

		3000		236.83		239.68

		4000		243.22		246.15

		5000		247.58		256.05

		6000		265.72		277.36
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Power cam analysis

Power length analysis

Torque Cam analysis
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		Baseline2

		rpm		bsfc		power		torque		voleff

		1000		268.65		1.5902		15.185		0.75939

		2000		241.06		3.9564		18.89		0.88593

		3000		239.68		6.3503		20.213		0.93567

		4000		246.15		8.5527		20.418		0.94972

		5000		256.05		9.0598		17.303		0.84163

		6000		277.36		8.9417		14.231		0.74897

		7000		300.32		9.2742		12.652		0.72426

				312.65		9.7335		11.619		0.69191

		sa1

		rpm		bsfc		power		torque		voleff

		1000		269.2		1.5493		14.795		0.74096

		2000		238.59		3.9352		18.789		0.90401

		3000		239.5		6.3051		20.07		0.9273

		4000		246.09		8.3991		20.051		0.93086

		5000		255.53		9.336		17.83		0.86106

		6000		273.01		9.4817		15.091		0.78404

		7000		299.5		9.3278		12.725		0.72597

				314.82		9.2863		11.085		0.67224

		sa2

		rpm		bsfc		power		torque		voleff

		1000		266.05		1.6525		15.78		0.78834

		2000		241.9		3.994		19.07		0.88862

		3000		240.14		6.628		21.098		0.97249

		4000		246.8		8.2191		19.622		0.91786

		5000		256.56		9.0614		17.306		0.84446

		6000		277.29		8.895		14.157		0.74816

		7000		303.63		8.9727		12.24		0.70665

				324.31		8.8272		10.537		0.65115

		sa2b

		rpm		bsfc		power		torque		voleff

		1000		266.43		1.7564		16.772		0.83754

		2000		240.81		4.1248		19.695		0.92746

		3000		242.9		6.2853		20.007		0.93081

		4000		251.16		7.4019		17.671		0.83925

		5000		264.39		7.9515		15.186		0.75839

		6000		280.68		8.1208		12.925		0.69208

		7000		308.99		8.4518		11.53		0.67377

				330.38		8.2457		9.8426		0.61912

		sa3

		rpm		bsfc		power		torque		voleff

		1000		267.16		1.6478		15.735		0.78576

		2000		240.53		3.8928		18.587		0.87711

		3000		240		6.4599		20.562		0.94799

		4000		246.01		8.6606		20.676		0.96031

		5000		256.81		9.0002		17.189		0.83554

		6000		277.15		8.9893		14.307		0.75239

		7000		295.98		9.4615		12.907		0.73627

				311.76		9.7365		11.622		0.69653

		sa4

		rpm		bsfc		power		torque		voleff

		1000		267.34		1.6851		16.092		0.80353

		2000		242.69		3.9997		19.097		0.88514

		3000		240.96		6.4369		20.489		0.94326

		4000		245.36		8.4259		20.115		0.9356

		5000		258.27		8.8007		16.808		0.82263

		6000		276.29		8.9458		14.238		0.75006

		7000		298.61		9.3335		12.733		0.72635

				318.4		9.396		11.216		0.67259

		sa5

		rpm		bsfc		power		torque		voleff

		1000		276.63		1.9366		18.493		0.93722

		2000		241.85		3.9664		18.938		0.88393

		3000		241.07		6.3887		20.336		0.93664

		4000		245.11		8.3712		19.985		0.93122

		5000		257.79		8.936		17.067		0.83307

		6000		275.9		8.9613		14.262		0.75034

		7000		301.05		9.2202		12.578		0.72003

				320.74		9.2814		11.079		0.6658

		sa6

		rpm		bsfc		power		torque		voleff

		1000		282.93		1.7878		17.072		0.8394

		2000		241.69		3.9592		18.904		0.88274

		3000		241.77		6.3734		20.287		0.93261

		4000		245.9		8.4019		20.058		0.93254

		5000		257.77		8.9084		17.014		0.83159

		6000		277.22		8.9538		14.25		0.74687

		7000		301.62		9.2128		12.568		0.71825

				320.16		9.4571		11.289		0.66998

		sa7		average

		rpm		bsfc		power		torque		voleff

		1000		267.0433333333		1.628		15.5466666667		0.78144

		2000		241.5533333333		4.0293666667		19.239		0.89552

		3000		240.2066666667		6.5657		20.899		0.9597533333

		4000		247.08		8.6431333333		20.634		0.9592733333

		5000		256.11		9.5379		18.2163333333		0.8870633333

		6000		275.37		9.8617		15.6956666667		0.8184833333

		7000		299.1966666667		9.8205333333		13.397		0.76182

				315.09		9.8339666667		11.7386666667		0.7030233333

		sa8

		rpm		bsfc		power		torque		voleff

		1000		261.15		1.6836		16.077		0.82461

		2000		240.24		3.9861		19.032		0.89203

		3000		238.06		6.6229		21.081		0.97943

		4000		243.27		8.5929		20.514		0.9677

		5000		246.13		10.189		19.459		0.96546

		6000		269.01		10.296		16.386		0.83534

		7000		295.42		10.301		14.052		0.79204

				314.87		10.626		12.684		0.75463

		sa9

		rpm		bsfc		power		torque		voleff

		1000		260.35		1.6888		16.127		0.83507

		2000		242.69		4.0289		19.237		0.89472

		3000		240.32		6.3868		20.33		0.9436

		4000		246.71		8.2471		19.688		0.9222

		5000		256.23		9.3872		17.928		0.87613

		6000		274.73		10.134		16.129		0.84286

		7000		308		10.155		13.853		0.79874

				323.12		10.248		12.232		0.75068
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		Baseline2

		rpm		bsfc		power		torque		voleff

		1000		268.65		1.5902		15.185		0.75939

		2000		241.06		3.9564		18.89		0.88593

		3000		239.68		6.3503		20.213		0.93567

		4000		246.15		8.5527		20.418		0.94972

		5000		256.05		9.0598		17.303		0.84163

		6000		277.36		8.9417		14.231		0.74897

		7000		300.32		9.2742		12.652		0.72426

				312.65		9.7335		11.619		0.69191

		sa1

		rpm		bsfc		power		torque		voleff

		1000		269.2		1.5493		14.795		0.74096

		2000		238.59		3.9352		18.789		0.90401

		3000		239.5		6.3051		20.07		0.9273

		4000		246.09		8.3991		20.051		0.93086

		5000		255.53		9.336		17.83		0.86106

		6000		273.01		9.4817		15.091		0.78404

		7000		299.5		9.3278		12.725		0.72597

				314.82		9.2863		11.085		0.67224

		sa2

		rpm		bsfc		power		torque		voleff

		1000		266.05		1.6525		15.78		0.78834

		2000		241.9		3.994		19.07		0.88862

		3000		240.14		6.628		21.098		0.97249

		4000		246.8		8.2191		19.622		0.91786

		5000		256.56		9.0614		17.306		0.84446

		6000		277.29		8.895		14.157		0.74816

		7000		303.63		8.9727		12.24		0.70665

				324.31		8.8272		10.537		0.65115

		sa2b

		rpm		bsfc		power		torque		voleff

		1000		266.43		1.7564		16.772		0.83754

		2000		240.81		4.1248		19.695		0.92746

		3000		242.9		6.2853		20.007		0.93081

		4000		251.16		7.4019		17.671		0.83925

		5000		264.39		7.9515		15.186		0.75839

		6000		280.68		8.1208		12.925		0.69208

		7000		308.99		8.4518		11.53		0.67377

				330.38		8.2457		9.8426		0.61912

		sa3												sa3b

		rpm		bsfc		power		torque		voleff				rpm		bsfc		power		torque		voleff

		1000		267.16		1.6478		15.735		0.78576				1000		267.16		1.6794		16.037		0.79997

		2000		240.53		3.8928		18.587		0.87711				2000		240.53		3.9632		18.923		0.88319

		3000		240		6.4599		20.562		0.94799				3000		240		6.4416		20.504		0.94884

		4000		246.01		8.6606		20.676		0.96031				4000		246.01		8.6099		20.555		0.95896

		5000		256.81		9.0002		17.189		0.83554				5000		256.81		8.8677		16.936		0.82802

		6000		277.15		8.9893		14.307		0.75239				6000		277.15		9.1899		14.626		0.76228

		7000		295.98		9.4615		12.907		0.73627				7000		295.98		9.6266		13.132		0.7445

				311.76		9.7365		11.622		0.69653						311.76		9.6852		11.561		0.69129

		sa4

		rpm		bsfc		power		torque		voleff

		1000		267.34		1.6851		16.092		0.80353

		2000		242.69		3.9997		19.097		0.88514

		3000		240.96		6.4369		20.489		0.94326

		4000		245.36		8.4259		20.115		0.9356

		5000		258.27		8.8007		16.808		0.82263

		6000		276.29		8.9458		14.238		0.75006

		7000		298.61		9.3335		12.733		0.72635

				318.4		9.396		11.216		0.67259

		sa5

		rpm		bsfc		power		torque		voleff

		1000		276.63		1.9366		18.493		0.93722

		2000		241.85		3.9664		18.938		0.88393

		3000		241.07		6.3887		20.336		0.93664

		4000		245.11		8.3712		19.985		0.93122								Intake runer length		Exhaust runer lenth

		5000		257.79		8.936		17.067		0.83307						1		300		100		baseline

		6000		275.9		8.9613		14.262		0.75034						2		150		100		sa1

		7000		301.05		9.2202		12.578		0.72003						3		450		100		sa2

				320.74		9.2814		11.079		0.6658						4		1000		100		sa2b

																5		300		250		sa8

		sa6														6		300		500		sa9

		rpm		bsfc		power		torque		voleff

		1000		282.93		1.7878		17.072		0.8394

		2000		241.69		3.9592		18.904		0.88274

		3000		241.77		6.3734		20.287		0.93261

		4000		245.9		8.4019		20.058		0.93254

		5000		257.77		8.9084		17.014		0.83159

		6000		277.22		8.9538		14.25		0.74687

		7000		301.62		9.2128		12.568		0.71825

				320.16		9.4571		11.289		0.66998

		sa7		average

		rpm		bsfc		power		torque		voleff

		1000		267.0433333333		1.628		15.5466666667		0.78144

		2000		241.5533333333		4.0293666667		19.239		0.89552

		3000		240.2066666667		6.5657		20.899		0.9597533333

		4000		247.08		8.6431333333		20.634		0.9592733333

		5000		256.11		9.5379		18.2163333333		0.8870633333

		6000		275.37		9.8617		15.6956666667		0.8184833333

		7000		299.1966666667		9.8205333333		13.397		0.76182

				315.09		9.8339666667		11.7386666667		0.7030233333

		sa8		It is wrong, it has side branch configuration										sa8-bien

		rpm		bsfc		power		torque		voleff				rpm		bsfc		power		torque		voleff

		1000		261.15		1.6836		16.077		0.82461				1000		263.31		1.626		15.527		0.77855

		2000		240.24		3.9861		19.032		0.89203				2000		239.09		3.9574		18.895		0.89823

		3000		238.06		6.6229		21.081		0.97943				3000		239.93		6.4277		20.46		0.94432

		4000		243.27		8.5929		20.514		0.9677				4000		247.02		8.3627		19.964		0.93046

		5000		246.13		10.189		19.459		0.96546				5000		254.42		9.4087		17.969		0.87183

		6000		269.01		10.296		16.386		0.83534				6000		276.27		9.2192		14.673		0.77203

		7000		295.42		10.301		14.052		0.79204				7000		300.41		9.4627		12.909		0.74696

				314.87		10.626		12.684		0.75463						312.3		10.341		12.344		0.73767

		sa9

		rpm		bsfc		power		torque		voleff

		1000		260.35		1.6888		16.127		0.83507

		2000		242.69		4.0289		19.237		0.89472

		3000		240.32		6.3868		20.33		0.9436

		4000		246.71		8.2471		19.688		0.9222

		5000		256.23		9.3872		17.928		0.87613

		6000		274.73		10.134		16.129		0.84286

		7000		308		10.155		13.853		0.79874

				323.12		10.248		12.232		0.75068
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		Baseline2

		rpm		bsfc		power		torque		voleff

		1000		268.65		1.5902		15.185		0.75939

		2000		241.06		3.9564		18.89		0.88593

		3000		239.68		6.3503		20.213		0.93567

		4000		246.15		8.5527		20.418		0.94972

		5000		256.05		9.0598		17.303		0.84163

		6000		277.36		8.9417		14.231		0.74897

		7000		300.32		9.2742		12.652		0.72426

				312.65		9.7335		11.619		0.69191

		sa1

		rpm		bsfc		power		torque		voleff

		1000		269.2		1.5493		14.795		0.74096

		2000		238.59		3.9352		18.789		0.90401

		3000		239.5		6.3051		20.07		0.9273

		4000		246.09		8.3991		20.051		0.93086

		5000		255.53		9.336		17.83		0.86106

		6000		273.01		9.4817		15.091		0.78404

		7000		299.5		9.3278		12.725		0.72597

				314.82		9.2863		11.085		0.67224

		sa2

		rpm		bsfc		power		torque		voleff

		1000		266.05		1.6525		15.78		0.78834

		2000		241.9		3.994		19.07		0.88862

		3000		240.14		6.628		21.098		0.97249

		4000		246.8		8.2191		19.622		0.91786

		5000		256.56		9.0614		17.306		0.84446

		6000		277.29		8.895		14.157		0.74816

		7000		303.63		8.9727		12.24		0.70665

				324.31		8.8272		10.537		0.65115

		sa2b

		rpm		bsfc		power		torque		voleff

		1000		266.43		1.7564		16.772		0.83754

		2000		240.81		4.1248		19.695		0.92746

		3000		242.9		6.2853		20.007		0.93081

		4000		251.16		7.4019		17.671		0.83925

		5000		264.39		7.9515		15.186		0.75839

		6000		280.68		8.1208		12.925		0.69208

		7000		308.99		8.4518		11.53		0.67377

				330.38		8.2457		9.8426		0.61912

		sa3

		rpm		bsfc		power		torque		voleff

		1000		267.16		1.6478		15.735		0.78576

		2000		240.53		3.8928		18.587		0.87711

		3000		240		6.4599		20.562		0.94799

		4000		246.01		8.6606		20.676		0.96031

		5000		256.81		9.0002		17.189		0.83554

		6000		277.15		8.9893		14.307		0.75239

		7000		295.98		9.4615		12.907		0.73627

				311.76		9.7365		11.622		0.69653

		sa4

		rpm		bsfc		power		torque		voleff

		1000		267.34		1.6851		16.092		0.80353

		2000		242.69		3.9997		19.097		0.88514

		3000		240.96		6.4369		20.489		0.94326

		4000		245.36		8.4259		20.115		0.9356

		5000		258.27		8.8007		16.808		0.82263

		6000		276.29		8.9458		14.238		0.75006

		7000		298.61		9.3335		12.733		0.72635

				318.4		9.396		11.216		0.67259

		sa5

		rpm		bsfc		power		torque		voleff

		1000		276.63		1.9366		18.493		0.93722

		2000		241.85		3.9664		18.938		0.88393

		3000		241.07		6.3887		20.336		0.93664

		4000		245.11		8.3712		19.985		0.93122								1		Symetric configuration and not plenums		baseline		sa3

		5000		257.79		8.936		17.067		0.83307								2		Plenum of 1 litres				sa4

		6000		275.9		8.9613		14.262		0.75034								3		Plenum of 3 litres				sa5

		7000		301.05		9.2202		12.578		0.72003								4		Plenum of 5 litres				sa6

				320.74		9.2814		11.079		0.6658								5		Side branch configuration				sa7

		sa6

		rpm		bsfc		power		torque		voleff

		1000		282.93		1.7878		17.072		0.8394

		2000		241.69		3.9592		18.904		0.88274

		3000		241.77		6.3734		20.287		0.93261

		4000		245.9		8.4019		20.058		0.93254

		5000		257.77		8.9084		17.014		0.83159

		6000		277.22		8.9538		14.25		0.74687

		7000		301.62		9.2128		12.568		0.71825

				320.16		9.4571		11.289		0.66998

		sa7		average

		rpm		bsfc		power		torque		voleff

		1000		267.0433333333		1.628		15.5466666667		0.78144

		2000		241.5533333333		4.0293666667		19.239		0.89552

		3000		240.2066666667		6.5657		20.899		0.9597533333

		4000		247.08		8.6431333333		20.634		0.9592733333

		5000		256.11		9.5379		18.2163333333		0.8870633333

		6000		275.37		9.8617		15.6956666667		0.8184833333

		7000		299.1966666667		9.8205333333		13.397		0.76182

				315.09		9.8339666667		11.7386666667		0.7030233333

		sa8

		rpm		bsfc		power		torque		voleff

		1000		261.15		1.6836		16.077		0.82461

		2000		240.24		3.9861		19.032		0.89203

		3000		238.06		6.6229		21.081		0.97943

		4000		243.27		8.5929		20.514		0.9677

		5000		246.13		10.189		19.459		0.96546

		6000		269.01		10.296		16.386		0.83534

		7000		295.42		10.301		14.052		0.79204

				314.87		10.626		12.684		0.75463

		sa9

		rpm		bsfc		power		torque		voleff

		1000		260.35		1.6888		16.127		0.83507

		2000		242.69		4.0289		19.237		0.89472

		3000		240.32		6.3868		20.33		0.9436

		4000		246.71		8.2471		19.688		0.9222

		5000		256.23		9.3872		17.928		0.87613

		6000		274.73		10.134		16.129		0.84286

		7000		308		10.155		13.853		0.79874

				323.12		10.248		12.232		0.75068
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		sa7		cylinder1

		rpm		bsfc		power		torque		voleff		imep

		1000		262.35		1.6676		15.925		0.81153		9.64

		2000		241.94		3.9839		19.022		0.88322		11.41

		3000		238.36		6.5833		20.955		0.97271		12.611

		4000		244.33		8.7515		20.893		0.98488		12.777

		5000		245.76		9.9262		18.958		0.94878		11.975

		6000		269.96		10.039		15.978		0.81325		10.669

		7000		296.74		9.9		13.505		0.75711		9.7423

				324.1		9.5396		11.387		0.67979		8.5797

		sa7		cylinder2

		rpm		bsfc		power		torque		voleff		imep

		1000		268.4		1.6081		15.356		0.76655		9.3282

		2000		240.33		4.0732		19.448		0.91171		11.644

		3000		240.87		6.56		20.881		0.9535		12.57

		4000		246.16		8.668		20.693		0.95659		12.667

		5000		254.25		9.5797		18.296		0.88484		11.611

		6000		260.3		10.393		16.541		0.89918		10.979

		7000		282.21		10.384		14.166		0.82726		10.105

				304.79		10.207		12.184		0.73917		9.0168

		sa7		cylinder3

		rpm		bsfc		power		torque		voleff		imep

		1000		270.38		1.6083		15.359		0.76624		9.3293

		2000		242.39		4.031		19.247		0.89163		11.533

		3000		241.39		6.5538		20.861		0.95305		12.559

		4000		250.75		8.5099		20.316		0.93635		12.46

		5000		268.32		9.1078		17.395		0.82757		11.117

		6000		295.85		9.1531		14.568		0.74302		9.8953

		7000		318.64		9.1776		12.52		0.70109		9.2014

				316.38		9.7553		11.645		0.69011		8.721





		sa7		cylinder1		cylinder2		cylinder3

		rpm		bsfc		bsfc		bsfc		average				power		power		power		average

		1000		262.35		268.4		270.38		267.0433333333				1.6676		1.6081		1.6083		1.628

		2000		241.94		240.33		242.39		241.5533333333				3.9839		4.0732		4.031		4.0293666667

		3000		238.36		240.87		241.39		240.2066666667				6.5833		6.56		6.5538		6.5657

		4000		244.33		246.16		250.75		247.08				8.7515		8.668		8.5099		8.6431333333

		5000		245.76		254.25		268.32		256.11				9.9262		9.5797		9.1078		9.5379

		6000		269.96		260.3		295.85		275.37				10.039		10.393		9.1531		9.8617

		7000		296.74		282.21		318.64		299.1966666667				9.9		10.384		9.1776		9.8205333333

				324.1		304.79		316.38		315.09				9.5396		10.207		9.7553		9.8339666667

		sa7

		rpm		torque		torque		torque						voleff		voleff		voleff

		1000		15.925		15.356		15.359		15.5466666667				0.81153		0.76655		0.76624		0.78144

		2000		19.022		19.448		19.247		19.239				0.88322		0.91171		0.89163		0.89552

		3000		20.955		20.881		20.861		20.899				0.97271		0.9535		0.95305		0.9597533333

		4000		20.893		20.693		20.316		20.634				0.98488		0.95659		0.93635		0.9592733333

		5000		18.958		18.296		17.395		18.2163333333				0.94878		0.88484		0.82757		0.8870633333

		6000		15.978		16.541		14.568		15.6956666667				0.81325		0.89918		0.74302		0.8184833333

		7000		13.505		14.166		12.52		13.397				0.75711		0.82726		0.70109		0.76182

				11.387		12.184		11.645		11.7386666667				0.67979		0.73917		0.69011		0.7030233333

		sa7

		rpm		imep		imep		imep

		1000		9.64		9.3282		9.3293		9.4325

		2000		11.41		11.644		11.533		11.529

		3000		12.611		12.57		12.559		12.58

		4000		12.777		12.667		12.46		12.6346666667

		5000		11.975		11.611		11.117		11.5676666667

		6000		10.669		10.979		9.8953		10.5144333333				9.87 variation

		7000		9.7423		10.105		9.2014		9.6829

				8.5797		9.0168		8.721
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hyundai atos

		

				Car data

				mass		Cd		A		Gear number		Gear ratio (Atos)		Total gear ratio

				800		0.25		1.9		1		3.54		16.04		1.68

										2		1.95		8.83		1.24

										3		1.31		5.93		1.13

										4		0.92		4.17		1.08

										5		0.78		3.53		1.07

										Final		4.53

		ECE15

		Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)

		1		0		0.00		1.04		1		16.0362		0		102		1403		1505		0		0		0

		2		15		4.17		1.04		1		16.0362		5		102		1403		1510		6621		38		2290		3.47

		3		15		4.17		0.00		1		16.0362		5		102		0		107		470		38		2290		0.25

		4		0		0.00		0.83		1		16.04		0		102		1122		1224		0		0		0		0.00

		5		15		4.17		0.83		1		16.0362		5		102		1122		1229		5391		38		2290		2.82

		6		15		4.17		0.94		2		8.8335		5		102		933		1040		4562		21		1262		4.34

		7		32		8.89		0.94		2		8.8335		23		102		933		1058		9901		45		2691		4.41

		8		32		8.89		0.00		2		8.8335		23		102		0		125		1170		45		2691		0.52

		9		0		0.00		0.83		1		16.04		0		102		1122		1224		0		0		0		0.00

		10		15		4.17		0.83		1		16.04		5		102		1122		1229		5391		38		2290		2.82

		11		0		0.00		0.62		2		8.8335		0		102		610		712		0		0		0		0.00

		12		35		9.72		0.62		2		8.8335		27		102		610		739		7568		49		2944		3.09

		13		35		9.72		0.52		3		5.9343		27		102		470		600		6136		33		1977		3.72

		14		50		13.89		0.52		3		5.9343		56		102		470		628		9184		47		2825		3.90

		15		50		13.89		0.00		3		5.9343		56		102		0		158		2312		47		2825		0.98

		16		35		9.72		0.00		3		5.9343		27		102		0		130		1326		33		1977		0.80

		EUDC

		Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)

		1		0		0.00		0.83		1		16.0362		0		102		1122		1224		0		0		0

		2		15		4.17		0.83		1		16.0362		5		102		1122		1229		5390		38		2290		2.82

		3		15		4.17		0.62		2		8.8335		5		102		610		717		3145		21		1262		2.99

		4		35		9.72		0.62		2		8.8335		27		102		610		739		7567		49		2944		3.08

		5		35		9.72		0.52		3		5.9343		27		102		470		600		6136		33		1977		3.72

		6		50		13.89		0.52		3		5.9343		56		102		470		628		9184		47		2825		3.90

		7		50		13.89		0.43		4		4.1676		56		102		370		529		7727		33		1984		4.67

		8		70		19.44		0.43		4		4.1676		110		102		370		582		11921		46		2778		5.15

		9		70		19.44		0.00		4		4.1676		110		102		0		212		4340		46		2778		1.87

		10		50		13.89		0.00		4		4.1676		56		102		0		158		2312		33		1984		1.40

		11		50		13.89		0.43		4		4.1676		56		102		370		529		7727		33		1984		4.67

		12		70		19.44		0.43		4		4.1676		110		102		370		582		11921		46		2778		5.15

		13		70		19.44		0.00		4		4.1676		110		102		0		212		4340		46		2778		1.87

		14		70		19.44		0.25		4		4.1676		110		102		219		431		8820		46		2778		3.81

		15		100		27.78		0.25		4		4.1676		224		102		219		545		15947		66		3968		4.82

		16		100		27.78		0.00		4		4.1676		224		102		0		327		9547		66		3968		2.89

		17		100		27.78		0.28		4		4.1676		224		102		241		567		16587		66		3968		5.02

		18		120		33.33		0.28		4		4.1676		323		102		241		666		23370		79		4761		5.89

		19		120		33.33		0.00		4		4.1676		323		102		0		425		14922		79		4761		3.76
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Agila

		

		Car data

				mass		Cd		A		Gear number		Gear ratio (Agila)		Total gear ratio

				800		0.25		1.9		1		3.42		15.0138		1.6035354761

										2		1.9		8.341		1.2139307025

										3		1.28		5.6192		1.1189385216

										4		0.97		4.2583		1.0853327972

										5		0.82		3.5998		1.0723964001

										Final		4.39

		ECE15

		Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)

		1		0		0.00		1.04		1		15.0138		0		102		1336		1438		0		0		0

		2		15		4.17		1.04		1		15.0138		5		102		1336		1443		6331		36		2144		3.54

		3		15		4.17		0.00		1		15.0138		5		102		0		107		470		36		2144		0.26

		4		0		0.00		0.83		1		15.0138		0		102		1069		1171		0		0		0		0.00

		5		15		4.17		0.83		1		15.0138		5		102		1069		1176		5159		36		2144		2.89

		6		15		4.17		0.94		2		8.341		5		102		917		1024		4492		20		1191		4.53

		7		32		8.89		0.94		2		8.341		23		102		917		1042		9751		42		2541		4.60

		8		32		8.89		0.00		2		8.341		23		102		0		125		1170		42		2541		0.55

		9		0		0.00		0.83		1		15.0138		0		102		1069		1171		0		0		0		0.00

		10		15		4.17		0.83		1		15.0138		5		102		1069		1176		5159		36		2144		2.89

		11		0		0.00		0.62		2		15.0138		0		102		792		894		0		0		0		0.00

		12		35		9.72		0.62		2		8.341		27		102		600		729		7461		46		2779		3.22

		13		35		9.72		0.52		3		5.6192		27		102		466		596		6097		31		1872		3.91

		14		50		13.89		0.52		3		5.6192		56		102		466		624		9129		45		2675		4.10

		15		50		13.89		0.00		3		5.6192		56		102		0		158		2312		45		2675		1.04

		16		35		9.72		0.00		3		5.6192		27		102		0		130		1326		31		1872		0.85

		EUDC

		Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)

		1		0		0.00		0.83		1		15.0138		0		102		1069		1171		0		0		0

		2		15		4.17		0.83		1		15.0138		5		102		1069		1176		5158		36		2144		2.89

		3		15		4.17		0.62		2		8.341		5		102		599		707		3099		20		1191		3.12

		4		35		9.72		0.62		2		8.341		27		102		599		729		7460		46		2779		3.22

		5		35		9.72		0.52		3		5.6192		27		102		466		596		6097		31		1872		3.91

		6		50		13.89		0.52		3		5.6192		56		102		466		624		9128		45		2675		4.09

		7		50		13.89		0.43		4		4.2583		56		102		371		529		7737		34		2027		4.58

		8		70		19.44		0.43		4		4.2583		110		102		371		583		11934		47		2838		5.05

		9		70		19.44		0.00		4		4.2583		110		102		0		212		4340		47		2838		1.83

		10		50		13.89		0.00		4		4.2583		56		102		0		158		2312		34		2027		1.37

		11		50		13.89		0.43		4		4.2583		56		102		371		529		7737		34		2027		4.58

		12		70		19.44		0.43		4		4.2583		110		102		371		583		11934		47		2838		5.05

		13		70		19.44		0.00		4		4.2583		110		102		0		212		4340		47		2838		1.83

		14		70		19.44		0.25		4		4.2583		110		102		219		431		8827		47		2838		3.73

		15		100		27.78		0.25		4		4.2583		224		102		219		546		15958		68		4054		4.72

		16		100		27.78		0.00		4		4.2583		224		102		0		327		9547		68		4054		2.83

		17		100		27.78		0.28		4		4.2583		224		102		241		568		16599		68		4054		4.91

		18		120		33.33		0.28		4		4.2583		323		102		241		666		23385		81		4865		5.77

		19		120		33.33		0.00		4		4.2583		323		102		0		425		14922		81		4865		3.68
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ka

		

		Car data

				mass		Cd		A		Gear number		Gear ratio (Ford Ka)		Total gear ratio						Gear ratio (Ford Ka modified)

				800		0.25		1.9		1		3.154		11.316552		1.3601608729

										2		1.926		6.910488		1.159387111

										3		1.281		4.596228		1.0928132796

										4		0.951		3.412188		1.0691075674

										5		0.756		2.712528		1.0583945204

										Final		3.588

		ECE15

		Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)		bmpe 1.3l

		1		0		0.00		1.04		1		11.316552		0		102		1134		1236		0		0		0

		2		15		4.17		1.04		1		11.316552		5		102		1134		1241		5441		27		1616		4		3.11

		3		15		4.17		0.00		1		11.316552		5		102		0		107		470		27		1616		0		0.27

		4		0		0.00		0.83		1		11.316552		0		102		907		1009		0		0		0		0		0.00

		5		15		4.17		0.83		1		11.316552		5		102		907		1014		4447		27		1616		3		2.54

		6		15		4.17		0.94		2		6.910488		5		102		876		983		4311		16		987		5		4.03

		7		32		8.89		0.94		2		6.910488		23		102		876		1001		9366		35		2105		5		4.11

		8		32		8.89		0.00		2		6.910488		23		102		0		125		1170		35		2105		1		0.51

		9		0		0.00		0.83		1		11.316552		0		102		907		1009		0		0		0		0		0.00

		10		15		4.17		0.83		1		11.316552		5		102		907		1014		4447		27		1616		3		2.54

		11		0		0.00		0.62		2		6.910488		0		102		573		675		0		0		0		0		0.00

		12		35		9.72		0.62		2		6.910488		27		102		573		702		7185		38		2303		4		2.88

		13		35		9.72		0.52		3		4.596228		27		102		455		585		5986		26		1532		5		3.61

		14		50		13.89		0.52		3		4.596228		56		102		455		614		8970		36		2188		5		3.78

		15		50		13.89		0.00		3		4.596228		56		102		0		158		2312		36		2188		1		0.98

		16		35		9.72		0.00		3		4.596228		27		102		0		130		1326		26		1532		1		0.80

		EUDC

		Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)		bmpe 1.3l

		1		0		0.00		0.83		1		11.316552		0		102		907		1009		0		0		0

		2		15		4.17		0.83		1		11.316552		5		102		907		1014		4447		27		1616		3		2.54

		3		15		4.17		0.62		2		6.910488		5		102		573		680		2981		16		987		4		2.79

		4		35		9.72		0.62		2		6.910488		27		102		573		702		7185		38		2303		4		2.88

		5		35		9.72		0.52		3		4.596228		27		102		455		585		5985		26		1532		5		3.61

		6		50		13.89		0.52		3		4.596228		56		102		455		613		8969		36		2188		5		3.78

		7		50		13.89		0.43		4		3.412188		56		102		366		524		7656		27		1624		6		4.35

		8		70		19.44		0.43		4		3.412188		110		102		366		578		11821		38		2274		6		4.80

		9		70		19.44		0.00		4		3.412188		110		102		0		212		4340		38		2274		2		1.76

		10		50		13.89		0.00		4		3.412188		56		102		0		158		2312		27		1624		2		1.31

		11		50		13.89		0.43		4		3.412188		56		102		366		524		7656		27		1624		6		4.35

		12		70		19.44		0.43		4		3.412188		110		102		366		578		11821		38		2274		6		4.80

		13		70		19.44		0.00		4		3.412188		110		102		0		212		4340		38		2274		2		1.76

		14		70		19.44		0.25		4		3.412188		110		102		216		428		8760		38		2274		5		3.56

		15		100		27.78		0.25		4		3.412188		224		102		216		542		15862		54		3249		6		4.51

		16		100		27.78		0.00		4		3.412188		224		102		0		327		9547		54		3249		4		2.71

		17		100		27.78		0.28		4		3.412188		224		102		238		564		16494		54		3249		6		4.69

		18		120		33.33		0.28		4		3.412188		323		102		238		663		23259		65		3898		7		5.51

		19		120		33.33		0.00		4		3.412188		323		102		0		425		14922		65		3898		5		3.53





kamodified

		

		Car data

				mass		Cd		A		Gear number		Gear ratio (Ford Ka modified)		Total gear ratio

				800		0.25		1.9		1		3.154		9.597622		1.2702858701

										2		1.821		5.541303		1.1167650973

										3		1.051		3.198193		1.0655710962

										4		0.795		2.419185		1.0546311402

										5		0.646		1.965778		1.0496607079

										Final		3.043

		ECE15

		Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)		bmpe 1.3l

		1		0.00		0.00		1.04175		1		9.597622		0		102		1059		1161		0		0		0

		2		15.00		4.17		1.04175		1		9.597622		5		102		1059		1166		5113		23		1371		4.48		3.44

		3		15.00		4.17		0		1		9.597622		5		102		0		107		470		23		1371		0.41		0.32

		4		0.00		0.00		0.8334		1		9.597622		0		102		847		949		0		0		0		0.00		0.00

		5		15.00		4.17		0.8334		1		9.597622		5		102		847		954		4184		23		1371		3.66		2.82

		6		15.00		4.17		0.9444		2		5.541303		5		102		844		951		4170		13		791		6.32		4.86

		7		32.00		8.89		0.9444		2		5.541303		23		102		844		969		9064		28		1688		6.44		4.96

		8		32.00		8.89		0		2		5.541303		23		102		0		125		1170		28		1688		0.83		0.64

		9		0.00		0.00		0.8334		1		9.597622		0		102		847		949		0		0		0		0.00		0.00

		10		15.00		4.17		0.8334		1		9.597622		5		102		847		954		4184		23		1371		3.66		2.82

		11		0.00		0.00		0.6173333333		2		5.541303		0		102		552		654		0		0		0		0.00		0.00

		12		35.00		9.72		0.6173333333		2		5.541303		27		102		552		681		6970		31		1847		4.53		3.48

		13		35.00		9.72		0.520875		3		3.198193		27		102		444		574		5870		18		1066		6.61		5.08

		14		50.00		13.89		0.520875		3		3.198193		56		102		444		602		8804		25		1522		6.94		5.34

		15		50.00		13.89		0		3		3.198193		56		102		0		158		2312		25		1522		1.82		1.40

		16		35.00		9.72		0		3		3.198193		27		102		0		130		1326		18		1066		1.49		1.15

		EUDC

		Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)		bmpe 1.3l

		1		0.00		0.00		0.8333333333		1		9.597622		0		102		847		949		0		0		0

		2		15.00		4.17		0.8333333333		1		9.597622		5		102		847		954		4184		23		1371		3.66		2.82

		3		15.00		4.17		0.6172839506		2		5.541303		5		102		551		659		2888		13		791		4.38		3.37

		4		35.00		9.72		0.6172839506		2		5.541303		27		102		551		681		6969		31		1847		4.53		3.48

		5		35.00		9.72		0.5208333333		3		3.198193		27		102		444		574		5869		18		1066		6.61		5.08

		6		50.00		13.89		0.5208333333		3		3.198193		56		102		444		602		8803		25		1522		6.94		5.34

		7		50.00		13.89		0.4273504274		4		2.419185		56		102		361		519		7583		19		1152		7.90		6.08

		8		70.00		19.44		0.4273504274		4		2.419185		110		102		361		573		11719		27		1612		8.72		6.71

		9		70.00		19.44		0		4		2.419185		110		102		0		212		4340		27		1612		3.23		2.48

		10		50.00		13.89		0		4		2.419185		56		102		0		158		2312		19		1152		2.41		1.85

		11		50.00		13.89		0.4273504274		4		2.419185		56		102		361		519		7583		19		1152		7.90		6.08

		12		70.00		19.44		0.4273504274		4		2.419185		110		102		361		573		11719		27		1612		8.72		6.71

		13		70.00		19.44		0		4		2.419185		110		102		0		212		4340		27		1612		3.23		2.48

		14		70.00		19.44		0.2525252525		4		2.419185		110		102		213		425		8700		27		1612		6.48		4.98

		15		100.00		27.78		0.2525252525		4		2.419185		224		102		213		540		15777		38		2303		8.22		6.32

		16		100.00		27.78		0		4		2.419185		224		102		0		327		9547		38		2303		4.97		3.83

		17		100.00		27.78		0.2777777778		4		2.419185		224		102		234		561		16400		38		2303		8.54		6.57

		18		120.00		33.33		0.2777777778		4		2.419185		323		102		234		660		23146		46		2764		10.05		7.73

		19		120.00		33.33		0		4		2.419185		323		102		0		425		14922		46		2764		6.48		4.98





s masa

		

		Car data

				mass		Cd		A		Gear number		Gear ratio (Agila)		Total gear ratio

				1150

				1100

				1050

				1000

				950

				900

				850

				800		0.25		1.9		1		3.42		15.0138		1.6035354761

				750						2		1.9		8.341		1.2139307025

				700						3		1.28		5.6192		1.1189385216

				650						4		0.97		4.2583		1.0853327972

				600						5		0.82		3.5998		1.0723964001

										Final		4.39

		ECE15

		Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)				Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)

		7		32		8.89		0.94		2		8.341		23		147		1318		1488		13923		42		2541		6.57				14		50		13.89		0.52		3		5.6192		56		147		670		873		12764		45		2675		5.73

		7		32		8.89		0.94		2		8.341		23		140		1261		1424		13327		42		2541		6.29				14		50		13.89		0.52		3		5.6192		56		140		641		838		12244		45		2675		5.49

		7		32		8.89		0.94		2		8.341		23		134		1204		1361		12731		42		2541		6.01				14		50		13.89		0.52		3		5.6192		56		134		612		802		11725		45		2675		5.26

		7		32		8.89		0.94		2		8.341		23		128		1146		1297		12135		42		2541		5.73				14		50		13.89		0.52		3		5.6192		56		128		583		766		11206		45		2675		5.03

		7		32		8.89		0.94		2		8.341		23		121		1089		1233		11539		42		2541		5.45				14		50		13.89		0.52		3		5.6192		56		121		554		731		10687		45		2675		4.79

		7		32		8.89		0.94		2		8.341		23		115		1032		1170		10943		42		2541		5.17				14		50		13.89		0.52		3		5.6192		56		115		525		695		10167		45		2675		4.56

		7		32		8.89		0.94		2		8.341		23		108		974		1106		10347		42		2541		4.89				14		50		13.89		0.52		3		5.6192		56		108		495		660		9648		45		2675		4.33

		7		32		8.89		0.94		2		8.341		23		102		917		1042		9751		42		2541		4.60				14		50		13.89		0.52		3		5.6192		56		102		466		624		9129		45		2675		4.10

		7		32		8.89		0.94		2		8.341		23		96		860		978		9155		42		2541		4.32				14		50		13.89		0.52		3		5.6192		56		96		437		589		8610		45		2675		3.86

		7		32		8.89		0.94		2		8.341		23		89		803		915		8559		42		2541		4.04				14		50		13.89		0.52		3		5.6192		56		89		408		553		8090		45		2675		3.63

		7		32		8.89		0.94		2		8.341		23		83		745		851		7963		42		2541		3.76				14		50		13.89		0.52		3		5.6192		56		83		379		518		7571		45		2675		3.40

		7		32		8.89		0.94		2		8.341		23		77		688		787		7367		42		2541		3.48				14		50		13.89		0.52		3		5.6192		56		77		350		482		7052		45		2675		3.16

		EUDC

		Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)				Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)

		8		70		19.44		0.43		4		4.2583		110		147		533		790		16171		47		2838		6.84				18		120		33.33		0.28		4		4.2583		323		147		347		817		28654		81		4865		7.07

		8		70		19.44		0.43		4		4.2583		110		140		510		760		15565		47		2838		6.58				18		120		33.33		0.28		4		4.2583		323		140		332		795		27901		81		4865		6.88

		8		70		19.44		0.43		4		4.2583		110		134		487		731		14960		47		2838		6.33				18		120		33.33		0.28		4		4.2583		323		134		317		774		27148		81		4865		6.70

		8		70		19.44		0.43		4		4.2583		110		128		464		701		14355		47		2838		6.07				18		120		33.33		0.28		4		4.2583		323		128		301		752		26396		81		4865		6.51

		8		70		19.44		0.43		4		4.2583		110		121		441		672		13750		47		2838		5.81				18		120		33.33		0.28		4		4.2583		323		121		286		731		25643		81		4865		6.32

		8		70		19.44		0.43		4		4.2583		110		115		417		642		13145		47		2838		5.56				18		120		33.33		0.28		4		4.2583		323		115		271		709		24890		81		4865		6.14

		8		70		19.44		0.43		4		4.2583		110		108		394		613		12540		47		2838		5.30				18		120		33.33		0.28		4		4.2583		323		108		256		688		24138		81		4865		5.95

		8		70		19.44		0.43		4		4.2583		110		102		371		583		11934		47		2838		5.05				18		120		33.33		0.28		4		4.2583		323		102		241		666		23385		81		4865		5.77

		8		70		19.44		0.43		4		4.2583		110		96		348		554		11329		47		2838		4.79				18		120		33.33		0.28		4		4.2583		323		96		226		645		22632		81		4865		5.58

		8		70		19.44		0.43		4		4.2583		110		89		325		524		10724		47		2838		4.53				18		120		33.33		0.28		4		4.2583		323		89		211		624		21880		81		4865		5.40

		8		70		19.44		0.43		4		4.2583		110		83		301		494		10119		47		2838		4.28				18		120		33.33		0.28		4		4.2583		323		83		196		602		21127		81		4865		5.21

		8		70		19.44		0.43		4		4.2583		110		77		278		465		9514		47		2838		4.02				18		120		33.33		0.28		4		4.2583		323		77		181		581		20374		81		4865		5.03





s masa
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s Cd

		

		Car data

				mass		Cd		A		Gear number		Gear ratio (Agila)		Total gear ratio

						0.21

						0.22

						0.23

						0.24

				800		0.25		1.9		1		3.42		15.0138		1.6035354761

						0.26				2		1.9		8.341		1.2139307025

						0.27				3		1.28		5.6192		1.1189385216

						0.28				4		0.97		4.2583		1.0853327972

						0.29				5		0.82		3.5998		1.0723964001

						0.3				Final		4.39

						0.31

						0.32

						0.33

						0.34

		ECE15

		Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)				Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)

		7		32		8.89		0.94		2		8.341		19		102		917		1038		9717		42		2541		4.59				14		50		13.89		0.52		3		5.6192		47		102		466		615		8997		45		2675		4.04

		7		32		8.89		0.94		2		8.341		20		102		917		1039		9725		42		2541		4.59				14		50		13.89		0.52		3		5.6192		49		102		466		618		9030		45		2675		4.05

		7		32		8.89		0.94		2		8.341		21		102		917		1040		9734		42		2541		4.60				14		50		13.89		0.52		3		5.6192		52		102		466		620		9063		45		2675		4.07

		7		32		8.89		0.94		2		8.341		22		102		917		1041		9743		42		2541		4.60				14		50		13.89		0.52		3		5.6192		54		102		466		622		9096		45		2675		4.08

		7		32		8.89		0.94		2		8.341		23		102		917		1042		9751		42		2541		4.60				14		50		13.89		0.52		3		5.6192		56		102		466		624		9129		45		2675		4.10

		7		32		8.89		0.94		2		8.341		24		102		917		1043		9760		42		2541		4.61				14		50		13.89		0.52		3		5.6192		58		102		466		627		9162		45		2675		4.11

		7		32		8.89		0.94		2		8.341		25		102		917		1044		9768		42		2541		4.61				14		50		13.89		0.52		3		5.6192		61		102		466		629		9194		45		2675		4.12

		7		32		8.89		0.94		2		8.341		26		102		917		1045		9777		42		2541		4.62				14		50		13.89		0.52		3		5.6192		63		102		466		631		9227		45		2675		4.14

		7		32		8.89		0.94		2		8.341		27		102		917		1046		9786		42		2541		4.62				14		50		13.89		0.52		3		5.6192		65		102		466		633		9260		45		2675		4.15

		7		32		8.89		0.94		3		8.341		28		102		917		1047		9794		42		2541		4.62				14		50		13.89		0.52		4		5.6192		67		102		466		636		9293		45		2675		4.17

		7		32		8.89		0.94		4		8.341		29		102		917		1048		9803		42		2541		4.63				14		50		13.89		0.52		5		5.6192		70		102		466		638		9326		45		2675		4.18

		7		32		8.89		0.94		5		8.341		29		102		917		1049		9811		42		2541		4.63				14		50		13.89		0.52		6		5.6192		72		102		466		640		9359		45		2675		4.20

		7		32		8.89		0.94		6		8.341		30		102		917		1050		9820		42		2541		4.64				14		50		13.89		0.52		7		5.6192		74		102		466		642		9391		45		2675		4.21

		7		32		8.89		0.94		7		8.341		31		102		917		1050		9829		42		2541		4.64				14		50		13.89		0.52		8		5.6192		76		102		466		645		9424		45		2675		4.23

		EUDC

		Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)				Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)

		8		70		19.44		0.43		4		4.2583		92		102		371		565		11574		47		2838		4.89				18		120		33.33		0.28		4		4.2583		272		102		241		615		21570		81		4865		5.32

		8		70		19.44		0.43		4		4.2583		97		102		371		570		11664		47		2838		4.93				18		120		33.33		0.28		4		4.2583		284		102		241		628		22024		81		4865		5.43

		8		70		19.44		0.43		4		4.2583		101		102		371		574		11754		47		2838		4.97				18		120		33.33		0.28		4		4.2583		297		102		241		641		22478		81		4865		5.54

		8		70		19.44		0.43		4		4.2583		106		102		371		579		11844		47		2838		5.01				18		120		33.33		0.28		4		4.2583		310		102		241		654		22931		81		4865		5.66

		8		70		19.44		0.43		4		4.2583		110		102		371		583		11934		47		2838		5.05				18		120		33.33		0.28		4		4.2583		323		102		241		666		23385		81		4865		5.77

		8		70		19.44		0.43		4		4.2583		114		102		371		587		12024		47		2838		5.08				18		120		33.33		0.28		4		4.2583		336		102		241		679		23839		81		4865		5.88

		8		70		19.44		0.43		4		4.2583		119		102		371		592		12114		47		2838		5.12				18		120		33.33		0.28		4		4.2583		349		102		241		692		24292		81		4865		5.99

		8		70		19.44		0.43		4		4.2583		123		102		371		596		12205		47		2838		5.16				18		120		33.33		0.28		4		4.2583		362		102		241		705		24746		81		4865		6.10

		8		70		19.44		0.43		4		4.2583		128		102		371		601		12295		47		2838		5.20				18		120		33.33		0.28		4		4.2583		375		102		241		718		25200		81		4865		6.22

		8		70		19.44		0.43		5		4.2583		132		102		371		605		12385		47		2838		5.24				18		120		33.33		0.28		5		4.2583		388		102		241		731		25654		81		4865		6.33

		8		70		19.44		0.43		6		4.2583		136		102		371		609		12475		47		2838		5.27				18		120		33.33		0.28		6		4.2583		401		102		241		744		26107		81		4865		6.44

		8		70		19.44		0.43		7		4.2583		141		102		371		614		12565		47		2838		5.31				18		120		33.33		0.28		7		4.2583		414		102		241		757		26561		81		4865		6.55

		8		70		19.44		0.43		8		4.2583		145		102		371		618		12655		47		2838		5.35				18		120		33.33		0.28		8		4.2583		427		102		241		770		27015		81		4865		6.66

		8		70		19.44		0.43		9		4.2583		150		102		371		623		12745		47		2838		5.39				18		120		33.33		0.28		9		4.2583		440		102		241		783		27468		81		4865		6.78





s Cd

		0.21		0.21		0.21		0.21

		0.22		0.22		0.22		0.22

		0.23		0.23		0.23		0.23

		0.24		0.24		0.24		0.24

		0.25		0.25		0.25		0.25

		0.26		0.26		0.26		0.26

		0.27		0.27		0.27		0.27

		0.28		0.28		0.28		0.28

		0.29		0.29		0.29		0.29

		0.3		0.3		0.3		0.3
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		0.32		0.32		0.32		0.32

		0.33		0.33		0.33		0.33

		0.34		0.34		0.34		0.34
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hapresentacion

		ECE 15

		Points		Velocity (Km/h)		Acceleration (m/s2)		Gear		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/min)		bmep (bar)

		1		0		1.04		1		0.00		102.02		1402.53		1504.55		0.00		0.00		!

		2		15		1.04		1		5.05		102.02		1402.53		1509.60		6621.07		2290.17		3.47

		3		15		0.00		1		5.05		102.02		0.00		107.07		469.63		2290.17		0.25

		4		0		0.83		1		0.00		102.02		1122.02		1224.05		0.00		0.00		!

		5		15		0.83		1		5.05		102.02		1122.02		1229.10		5390.78		2290.17		2.82

		6		15		0.94		2		5.05		102.02		933.13		1040.20		4562.28		1261.53		4.34

		7		32		0.94		2		22.99		102.02		933.13		1058.14		9900.70		2691.27		4.41

		8		32		0.00		2		22.99		102.02		0.00		125.01		1169.70		2691.27		0.52

		9		0		0.83		1		0.00		102.02		1122.02		1224.05		0.00		0.00		!

		10		15		0.83		1		5.05		102.02		1122.02		1229.10		5390.78		2290.17		2.82

		11		0		0.62		2		0.00		102.02		609.96		711.99		0.00		0.00		!

		12		35		0.62		2		27.50		102.02		609.96		739.49		7567.85		2943.57		3.09

		13		35		0.52		3		27.50		102.02		470.05		599.58		6136.03		1977.48		3.72

		14		50		0.52		3		56.12		102.02		470.05		628.20		9184.22		2824.97		3.90

		15		50		0.00		3		56.12		102.02		0.00		158.15		2312.08		2824.97		0.98

		16		35		0.00		3		27.50		102.02		0.00		129.52		1325.54		1977.48		0.80

		EUDC

		Points		Velocity (Km/h)		Acceleration (m/s2)		Gear		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/min)		bmep (bar)

		1		0		0.83		1		0.00		102.02		1121.93		1223.96		0.00		0.00

		2		15		0.83		1		5.05		102.02		1121.93		1229.01		5390.39		2290.17		2.82

		3		15		0.62		2		5.05		102.02		609.91		716.99		3144.69		1261.53		2.99

		4		35		0.62		2		27.50		102.02		609.91		739.44		7567.35		2943.57		3.08

		5		35		0.52		3		27.50		102.02		470.02		599.54		6135.65		1977.48		3.72

		6		50		0.52		3		56.12		102.02		470.02		628.16		9183.67		2824.97		3.90

		7		50		0.43		4		56.12		102.02		370.40		528.55		7727.29		1983.95		4.67

		8		70		0.43		4		110.00		102.02		370.40		582.42		11920.96		2777.53		5.15

		9		70		0.00		4		110.00		102.02		0.00		212.02		4339.66		2777.53		1.87

		10		50		0.00		4		56.12		102.02		0.00		158.15		2312.08		1983.95		1.40

		11		50		0.43		4		56.12		102.02		370.40		528.55		7727.29		1983.95		4.67

		12		70		0.43		4		110.00		102.02		370.40		582.42		11920.96		2777.53		5.15

		13		70		0.00		4		110.00		102.02		0.00		212.02		4339.66		2777.53		1.87

		14		70		0.25		4		110.00		102.02		218.87		430.90		8819.52		2777.53		3.81

		15		100		0.25		4		224.49		102.02		218.87		545.39		15946.96		3967.90		4.82

		16		100		0.00		4		224.49		102.02		0.00		326.51		9547.16		3967.90		2.89

		17		100		0.28		4		224.49		102.02		240.76		567.27		16586.94		3967.90		5.02

		18		120		0.28		4		323.26		102.02		240.76		666.05		23370.12		4761.47		5.89

		19		120		0.00		4		323.26		102.02		0.00		425.29		14922.38		4761.47		3.76
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hyundai atos

		

				Car data

				mass		Cd		A		Gear number		Gear ratio (Atos)		Total gear ratio

				800		0.25		1.9		1		3.54		16.04		1.68

										2		1.95		8.83		1.24

										3		1.31		5.93		1.13

										4		0.92		4.17		1.08

										5		0.78		3.53		1.07

										Final		4.53

		ECE15

		Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)

		1		0		0.00		1.04		1		16.0362		0		102		1403		1505		0		0		0

		2		15		4.17		1.04		1		16.0362		5		102		1403		1510		6621		38		2290		3.47

		3		15		4.17		0.00		1		16.0362		5		102		0		107		470		38		2290		0.25

		4		0		0.00		0.83		1		16.04		0		102		1122		1224		0		0		0		0.00

		5		15		4.17		0.83		1		16.0362		5		102		1122		1229		5391		38		2290		2.82

		6		15		4.17		0.94		2		8.8335		5		102		933		1040		4562		21		1262		4.34

		7		32		8.89		0.94		2		8.8335		23		102		933		1058		9901		45		2691		4.41

		8		32		8.89		0.00		2		8.8335		23		102		0		125		1170		45		2691		0.52

		9		0		0.00		0.83		1		16.04		0		102		1122		1224		0		0		0		0.00

		10		15		4.17		0.83		1		16.04		5		102		1122		1229		5391		38		2290		2.82

		11		0		0.00		0.62		2		8.8335		0		102		610		712		0		0		0		0.00

		12		35		9.72		0.62		2		8.8335		27		102		610		739		7568		49		2944		3.09

		13		35		9.72		0.52		3		5.9343		27		102		470		600		6136		33		1977		3.72

		14		50		13.89		0.52		3		5.9343		56		102		470		628		9184		47		2825		3.90

		15		50		13.89		0.00		3		5.9343		56		102		0		158		2312		47		2825		0.98

		16		35		9.72		0.00		3		5.9343		27		102		0		130		1326		33		1977		0.80

		EUDC

		Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)

		1		0		0.00		0.83		1		16.0362		0		102		1122		1224		0		0		0

		2		15		4.17		0.83		1		16.0362		5		102		1122		1229		5390		38		2290		2.82

		3		15		4.17		0.62		2		8.8335		5		102		610		717		3145		21		1262		2.99

		4		35		9.72		0.62		2		8.8335		27		102		610		739		7567		49		2944		3.08

		5		35		9.72		0.52		3		5.9343		27		102		470		600		6136		33		1977		3.72

		6		50		13.89		0.52		3		5.9343		56		102		470		628		9184		47		2825		3.90

		7		50		13.89		0.43		4		4.1676		56		102		370		529		7727		33		1984		4.67

		8		70		19.44		0.43		4		4.1676		110		102		370		582		11921		46		2778		5.15

		9		70		19.44		0.00		4		4.1676		110		102		0		212		4340		46		2778		1.87

		10		50		13.89		0.00		4		4.1676		56		102		0		158		2312		33		1984		1.40

		11		50		13.89		0.43		4		4.1676		56		102		370		529		7727		33		1984		4.67

		12		70		19.44		0.43		4		4.1676		110		102		370		582		11921		46		2778		5.15

		13		70		19.44		0.00		4		4.1676		110		102		0		212		4340		46		2778		1.87

		14		70		19.44		0.25		4		4.1676		110		102		219		431		8820		46		2778		3.81

		15		100		27.78		0.25		4		4.1676		224		102		219		545		15947		66		3968		4.82

		16		100		27.78		0.00		4		4.1676		224		102		0		327		9547		66		3968		2.89

		17		100		27.78		0.28		4		4.1676		224		102		241		567		16587		66		3968		5.02

		18		120		33.33		0.28		4		4.1676		323		102		241		666		23370		79		4761		5.89

		19		120		33.33		0.00		4		4.1676		323		102		0		425		14922		79		4761		3.76
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Agila

		

		Car data

				mass		Cd		A		Gear number		Gear ratio (Agila)		Total gear ratio

				800		0.25		1.9		1		3.42		15.0138		1.6035354761

										2		1.9		8.341		1.2139307025

										3		1.28		5.6192		1.1189385216

										4		0.97		4.2583		1.0853327972

										5		0.82		3.5998		1.0723964001

										Final		4.39

		ECE15

		Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)

		1		0		0.00		1.04		1		15.0138		0		102		1336		1438		0		0		0

		2		15		4.17		1.04		1		15.0138		5		102		1336		1443		6331		36		2144		3.54

		3		15		4.17		0.00		1		15.0138		5		102		0		107		470		36		2144		0.26

		4		0		0.00		0.83		1		15.0138		0		102		1069		1171		0		0		0		0.00

		5		15		4.17		0.83		1		15.0138		5		102		1069		1176		5159		36		2144		2.89

		6		15		4.17		0.94		2		8.341		5		102		917		1024		4492		20		1191		4.53

		7		32		8.89		0.94		2		8.341		23		102		917		1042		9751		42		2541		4.60

		8		32		8.89		0.00		2		8.341		23		102		0		125		1170		42		2541		0.55

		9		0		0.00		0.83		1		15.0138		0		102		1069		1171		0		0		0		0.00

		10		15		4.17		0.83		1		15.0138		5		102		1069		1176		5159		36		2144		2.89

		11		0		0.00		0.62		2		15.0138		0		102		792		894		0		0		0		0.00

		12		35		9.72		0.62		2		8.341		27		102		600		729		7461		46		2779		3.22

		13		35		9.72		0.52		3		5.6192		27		102		466		596		6097		31		1872		3.91

		14		50		13.89		0.52		3		5.6192		56		102		466		624		9129		45		2675		4.10

		15		50		13.89		0.00		3		5.6192		56		102		0		158		2312		45		2675		1.04

		16		35		9.72		0.00		3		5.6192		27		102		0		130		1326		31		1872		0.85

		EUDC

		Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)

		1		0		0.00		0.83		1		15.0138		0		102		1069		1171		0		0		0

		2		15		4.17		0.83		1		15.0138		5		102		1069		1176		5158		36		2144		2.89

		3		15		4.17		0.62		2		8.341		5		102		599		707		3099		20		1191		3.12

		4		35		9.72		0.62		2		8.341		27		102		599		729		7460		46		2779		3.22

		5		35		9.72		0.52		3		5.6192		27		102		466		596		6097		31		1872		3.91

		6		50		13.89		0.52		3		5.6192		56		102		466		624		9128		45		2675		4.09

		7		50		13.89		0.43		4		4.2583		56		102		371		529		7737		34		2027		4.58

		8		70		19.44		0.43		4		4.2583		110		102		371		583		11934		47		2838		5.05

		9		70		19.44		0.00		4		4.2583		110		102		0		212		4340		47		2838		1.83

		10		50		13.89		0.00		4		4.2583		56		102		0		158		2312		34		2027		1.37

		11		50		13.89		0.43		4		4.2583		56		102		371		529		7737		34		2027		4.58

		12		70		19.44		0.43		4		4.2583		110		102		371		583		11934		47		2838		5.05

		13		70		19.44		0.00		4		4.2583		110		102		0		212		4340		47		2838		1.83

		14		70		19.44		0.25		4		4.2583		110		102		219		431		8827		47		2838		3.73

		15		100		27.78		0.25		4		4.2583		224		102		219		546		15958		68		4054		4.72

		16		100		27.78		0.00		4		4.2583		224		102		0		327		9547		68		4054		2.83

		17		100		27.78		0.28		4		4.2583		224		102		241		568		16599		68		4054		4.91

		18		120		33.33		0.28		4		4.2583		323		102		241		666		23385		81		4865		5.77

		19		120		33.33		0.00		4		4.2583		323		102		0		425		14922		81		4865		3.68
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ka

		

		Car data

				mass		Cd		A		Gear number		Gear ratio (Ford Ka)		Total gear ratio						Gear ratio (Ford Ka modified)

				800		0.25		1.9		1		3.154		11.316552		1.3601608729

										2		1.926		6.910488		1.159387111

										3		1.281		4.596228		1.0928132796

										4		0.951		3.412188		1.0691075674

										5		0.756		2.712528		1.0583945204

										Final		3.588

		ECE15

		Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)		bmpe 1.3l

		1		0		0.00		1.04		1		11.316552		0		102		1134		1236		0		0		0

		2		15		4.17		1.04		1		11.316552		5		102		1134		1241		5441		27		1616		4		3.11

		3		15		4.17		0.00		1		11.316552		5		102		0		107		470		27		1616		0		0.27

		4		0		0.00		0.83		1		11.316552		0		102		907		1009		0		0		0		0		0.00

		5		15		4.17		0.83		1		11.316552		5		102		907		1014		4447		27		1616		3		2.54

		6		15		4.17		0.94		2		6.910488		5		102		876		983		4311		16		987		5		4.03

		7		32		8.89		0.94		2		6.910488		23		102		876		1001		9366		35		2105		5		4.11

		8		32		8.89		0.00		2		6.910488		23		102		0		125		1170		35		2105		1		0.51

		9		0		0.00		0.83		1		11.316552		0		102		907		1009		0		0		0		0		0.00

		10		15		4.17		0.83		1		11.316552		5		102		907		1014		4447		27		1616		3		2.54

		11		0		0.00		0.62		2		6.910488		0		102		573		675		0		0		0		0		0.00

		12		35		9.72		0.62		2		6.910488		27		102		573		702		7185		38		2303		4		2.88

		13		35		9.72		0.52		3		4.596228		27		102		455		585		5986		26		1532		5		3.61

		14		50		13.89		0.52		3		4.596228		56		102		455		614		8970		36		2188		5		3.78

		15		50		13.89		0.00		3		4.596228		56		102		0		158		2312		36		2188		1		0.98

		16		35		9.72		0.00		3		4.596228		27		102		0		130		1326		26		1532		1		0.80

		EUDC

		Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)		bmpe 1.3l

		1		0		0.00		0.83		1		11.316552		0		102		907		1009		0		0		0

		2		15		4.17		0.83		1		11.316552		5		102		907		1014		4447		27		1616		3		2.54

		3		15		4.17		0.62		2		6.910488		5		102		573		680		2981		16		987		4		2.79

		4		35		9.72		0.62		2		6.910488		27		102		573		702		7185		38		2303		4		2.88

		5		35		9.72		0.52		3		4.596228		27		102		455		585		5985		26		1532		5		3.61

		6		50		13.89		0.52		3		4.596228		56		102		455		613		8969		36		2188		5		3.78

		7		50		13.89		0.43		4		3.412188		56		102		366		524		7656		27		1624		6		4.35

		8		70		19.44		0.43		4		3.412188		110		102		366		578		11821		38		2274		6		4.80

		9		70		19.44		0.00		4		3.412188		110		102		0		212		4340		38		2274		2		1.76

		10		50		13.89		0.00		4		3.412188		56		102		0		158		2312		27		1624		2		1.31

		11		50		13.89		0.43		4		3.412188		56		102		366		524		7656		27		1624		6		4.35

		12		70		19.44		0.43		4		3.412188		110		102		366		578		11821		38		2274		6		4.80

		13		70		19.44		0.00		4		3.412188		110		102		0		212		4340		38		2274		2		1.76

		14		70		19.44		0.25		4		3.412188		110		102		216		428		8760		38		2274		5		3.56

		15		100		27.78		0.25		4		3.412188		224		102		216		542		15862		54		3249		6		4.51

		16		100		27.78		0.00		4		3.412188		224		102		0		327		9547		54		3249		4		2.71

		17		100		27.78		0.28		4		3.412188		224		102		238		564		16494		54		3249		6		4.69

		18		120		33.33		0.28		4		3.412188		323		102		238		663		23259		65		3898		7		5.51

		19		120		33.33		0.00		4		3.412188		323		102		0		425		14922		65		3898		5		3.53





kamodified

		

		Car data

				mass		Cd		A		Gear number		Gear ratio (Ford Ka modified)		Total gear ratio

				800		0.25		1.9		1		3.154		9.597622		1.2702858701

										2		1.821		5.541303		1.1167650973

										3		1.051		3.198193		1.0655710962

										4		0.795		2.419185		1.0546311402

										5		0.646		1.965778		1.0496607079

										Final		3.043

		ECE15

		Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)		bmpe 1.3l

		1		0.00		0.00		1.04175		1		9.597622		0		102		1059		1161		0		0		0

		2		15.00		4.17		1.04175		1		9.597622		5		102		1059		1166		5113		23		1371		4.48		3.44

		3		15.00		4.17		0		1		9.597622		5		102		0		107		470		23		1371		0.41		0.32

		4		0.00		0.00		0.8334		1		9.597622		0		102		847		949		0		0		0		0.00		0.00

		5		15.00		4.17		0.8334		1		9.597622		5		102		847		954		4184		23		1371		3.66		2.82

		6		15.00		4.17		0.9444		2		5.541303		5		102		844		951		4170		13		791		6.32		4.86

		7		32.00		8.89		0.9444		2		5.541303		23		102		844		969		9064		28		1688		6.44		4.96

		8		32.00		8.89		0		2		5.541303		23		102		0		125		1170		28		1688		0.83		0.64

		9		0.00		0.00		0.8334		1		9.597622		0		102		847		949		0		0		0		0.00		0.00

		10		15.00		4.17		0.8334		1		9.597622		5		102		847		954		4184		23		1371		3.66		2.82

		11		0.00		0.00		0.6173333333		2		5.541303		0		102		552		654		0		0		0		0.00		0.00

		12		35.00		9.72		0.6173333333		2		5.541303		27		102		552		681		6970		31		1847		4.53		3.48

		13		35.00		9.72		0.520875		3		3.198193		27		102		444		574		5870		18		1066		6.61		5.08

		14		50.00		13.89		0.520875		3		3.198193		56		102		444		602		8804		25		1522		6.94		5.34

		15		50.00		13.89		0		3		3.198193		56		102		0		158		2312		25		1522		1.82		1.40

		16		35.00		9.72		0		3		3.198193		27		102		0		130		1326		18		1066		1.49		1.15

		EUDC

		Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)		bmpe 1.3l

		1		0.00		0.00		0.8333333333		1		9.597622		0		102		847		949		0		0		0

		2		15.00		4.17		0.8333333333		1		9.597622		5		102		847		954		4184		23		1371		3.66		2.82

		3		15.00		4.17		0.6172839506		2		5.541303		5		102		551		659		2888		13		791		4.38		3.37

		4		35.00		9.72		0.6172839506		2		5.541303		27		102		551		681		6969		31		1847		4.53		3.48

		5		35.00		9.72		0.5208333333		3		3.198193		27		102		444		574		5869		18		1066		6.61		5.08

		6		50.00		13.89		0.5208333333		3		3.198193		56		102		444		602		8803		25		1522		6.94		5.34

		7		50.00		13.89		0.4273504274		4		2.419185		56		102		361		519		7583		19		1152		7.90		6.08

		8		70.00		19.44		0.4273504274		4		2.419185		110		102		361		573		11719		27		1612		8.72		6.71

		9		70.00		19.44		0		4		2.419185		110		102		0		212		4340		27		1612		3.23		2.48

		10		50.00		13.89		0		4		2.419185		56		102		0		158		2312		19		1152		2.41		1.85

		11		50.00		13.89		0.4273504274		4		2.419185		56		102		361		519		7583		19		1152		7.90		6.08

		12		70.00		19.44		0.4273504274		4		2.419185		110		102		361		573		11719		27		1612		8.72		6.71

		13		70.00		19.44		0		4		2.419185		110		102		0		212		4340		27		1612		3.23		2.48

		14		70.00		19.44		0.2525252525		4		2.419185		110		102		213		425		8700		27		1612		6.48		4.98

		15		100.00		27.78		0.2525252525		4		2.419185		224		102		213		540		15777		38		2303		8.22		6.32

		16		100.00		27.78		0		4		2.419185		224		102		0		327		9547		38		2303		4.97		3.83

		17		100.00		27.78		0.2777777778		4		2.419185		224		102		234		561		16400		38		2303		8.54		6.57

		18		120.00		33.33		0.2777777778		4		2.419185		323		102		234		660		23146		46		2764		10.05		7.73

		19		120.00		33.33		0		4		2.419185		323		102		0		425		14922		46		2764		6.48		4.98





s masa

		

		Car data

				mass		Cd		A		Gear number		Gear ratio (Agila)		Total gear ratio

				1150

				1100

				1050

				1000

				950

				900

				850

				800		0.25		1.9		1		3.42		15.0138		1.6035354761

				750						2		1.9		8.341		1.2139307025

				700						3		1.28		5.6192		1.1189385216

				650						4		0.97		4.2583		1.0853327972

				600						5		0.82		3.5998		1.0723964001

										Final		4.39

		ECE15

		Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)				Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)

		7		32		8.89		0.94		2		8.341		23		147		1318		1488		13923		42		2541		6.57				14		50		13.89		0.52		3		5.6192		56		147		670		873		12764		45		2675		5.73

		7		32		8.89		0.94		2		8.341		23		140		1261		1424		13327		42		2541		6.29				14		50		13.89		0.52		3		5.6192		56		140		641		838		12244		45		2675		5.49

		7		32		8.89		0.94		2		8.341		23		134		1204		1361		12731		42		2541		6.01				14		50		13.89		0.52		3		5.6192		56		134		612		802		11725		45		2675		5.26

		7		32		8.89		0.94		2		8.341		23		128		1146		1297		12135		42		2541		5.73				14		50		13.89		0.52		3		5.6192		56		128		583		766		11206		45		2675		5.03

		7		32		8.89		0.94		2		8.341		23		121		1089		1233		11539		42		2541		5.45				14		50		13.89		0.52		3		5.6192		56		121		554		731		10687		45		2675		4.79

		7		32		8.89		0.94		2		8.341		23		115		1032		1170		10943		42		2541		5.17				14		50		13.89		0.52		3		5.6192		56		115		525		695		10167		45		2675		4.56

		7		32		8.89		0.94		2		8.341		23		108		974		1106		10347		42		2541		4.89				14		50		13.89		0.52		3		5.6192		56		108		495		660		9648		45		2675		4.33

		7		32		8.89		0.94		2		8.341		23		102		917		1042		9751		42		2541		4.60				14		50		13.89		0.52		3		5.6192		56		102		466		624		9129		45		2675		4.10

		7		32		8.89		0.94		2		8.341		23		96		860		978		9155		42		2541		4.32				14		50		13.89		0.52		3		5.6192		56		96		437		589		8610		45		2675		3.86

		7		32		8.89		0.94		2		8.341		23		89		803		915		8559		42		2541		4.04				14		50		13.89		0.52		3		5.6192		56		89		408		553		8090		45		2675		3.63

		7		32		8.89		0.94		2		8.341		23		83		745		851		7963		42		2541		3.76				14		50		13.89		0.52		3		5.6192		56		83		379		518		7571		45		2675		3.40

		7		32		8.89		0.94		2		8.341		23		77		688		787		7367		42		2541		3.48				14		50		13.89		0.52		3		5.6192		56		77		350		482		7052		45		2675		3.16

		EUDC

		Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)				Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)

		8		70		19.44		0.43		4		4.2583		110		147		533		790		16171		47		2838		6.84				18		120		33.33		0.28		4		4.2583		323		147		347		817		28654		81		4865		7.07

		8		70		19.44		0.43		4		4.2583		110		140		510		760		15565		47		2838		6.58				18		120		33.33		0.28		4		4.2583		323		140		332		795		27901		81		4865		6.88

		8		70		19.44		0.43		4		4.2583		110		134		487		731		14960		47		2838		6.33				18		120		33.33		0.28		4		4.2583		323		134		317		774		27148		81		4865		6.70

		8		70		19.44		0.43		4		4.2583		110		128		464		701		14355		47		2838		6.07				18		120		33.33		0.28		4		4.2583		323		128		301		752		26396		81		4865		6.51

		8		70		19.44		0.43		4		4.2583		110		121		441		672		13750		47		2838		5.81				18		120		33.33		0.28		4		4.2583		323		121		286		731		25643		81		4865		6.32

		8		70		19.44		0.43		4		4.2583		110		115		417		642		13145		47		2838		5.56				18		120		33.33		0.28		4		4.2583		323		115		271		709		24890		81		4865		6.14

		8		70		19.44		0.43		4		4.2583		110		108		394		613		12540		47		2838		5.30				18		120		33.33		0.28		4		4.2583		323		108		256		688		24138		81		4865		5.95

		8		70		19.44		0.43		4		4.2583		110		102		371		583		11934		47		2838		5.05				18		120		33.33		0.28		4		4.2583		323		102		241		666		23385		81		4865		5.77

		8		70		19.44		0.43		4		4.2583		110		96		348		554		11329		47		2838		4.79				18		120		33.33		0.28		4		4.2583		323		96		226		645		22632		81		4865		5.58

		8		70		19.44		0.43		4		4.2583		110		89		325		524		10724		47		2838		4.53				18		120		33.33		0.28		4		4.2583		323		89		211		624		21880		81		4865		5.40

		8		70		19.44		0.43		4		4.2583		110		83		301		494		10119		47		2838		4.28				18		120		33.33		0.28		4		4.2583		323		83		196		602		21127		81		4865		5.21

		8		70		19.44		0.43		4		4.2583		110		77		278		465		9514		47		2838		4.02				18		120		33.33		0.28		4		4.2583		323		77		181		581		20374		81		4865		5.03





s masa
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s Cd

		

		Car data

				mass		Cd		A		Gear number		Gear ratio (Agila)		Total gear ratio

						0.21

						0.22

						0.23

						0.24

				800		0.25		1.9		1		3.42		15.0138		1.6035354761

						0.26				2		1.9		8.341		1.2139307025

						0.27				3		1.28		5.6192		1.1189385216

						0.28				4		0.97		4.2583		1.0853327972

						0.29				5		0.82		3.5998		1.0723964001

						0.3				Final		4.39

						0.31

						0.32

						0.33

						0.34

		ECE15

		Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)				Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)

		7		32		8.89		0.94		2		8.341		19		102		917		1038		9717		42		2541		4.59				14		50		13.89		0.52		3		5.6192		47		102		466		615		8997		45		2675		4.04

		7		32		8.89		0.94		2		8.341		20		102		917		1039		9725		42		2541		4.59				14		50		13.89		0.52		3		5.6192		49		102		466		618		9030		45		2675		4.05

		7		32		8.89		0.94		2		8.341		21		102		917		1040		9734		42		2541		4.60				14		50		13.89		0.52		3		5.6192		52		102		466		620		9063		45		2675		4.07

		7		32		8.89		0.94		2		8.341		22		102		917		1041		9743		42		2541		4.60				14		50		13.89		0.52		3		5.6192		54		102		466		622		9096		45		2675		4.08

		7		32		8.89		0.94		2		8.341		23		102		917		1042		9751		42		2541		4.60				14		50		13.89		0.52		3		5.6192		56		102		466		624		9129		45		2675		4.10

		7		32		8.89		0.94		2		8.341		24		102		917		1043		9760		42		2541		4.61				14		50		13.89		0.52		3		5.6192		58		102		466		627		9162		45		2675		4.11

		7		32		8.89		0.94		2		8.341		25		102		917		1044		9768		42		2541		4.61				14		50		13.89		0.52		3		5.6192		61		102		466		629		9194		45		2675		4.12

		7		32		8.89		0.94		2		8.341		26		102		917		1045		9777		42		2541		4.62				14		50		13.89		0.52		3		5.6192		63		102		466		631		9227		45		2675		4.14

		7		32		8.89		0.94		2		8.341		27		102		917		1046		9786		42		2541		4.62				14		50		13.89		0.52		3		5.6192		65		102		466		633		9260		45		2675		4.15

		7		32		8.89		0.94		3		8.341		28		102		917		1047		9794		42		2541		4.62				14		50		13.89		0.52		4		5.6192		67		102		466		636		9293		45		2675		4.17

		7		32		8.89		0.94		4		8.341		29		102		917		1048		9803		42		2541		4.63				14		50		13.89		0.52		5		5.6192		70		102		466		638		9326		45		2675		4.18

		7		32		8.89		0.94		5		8.341		29		102		917		1049		9811		42		2541		4.63				14		50		13.89		0.52		6		5.6192		72		102		466		640		9359		45		2675		4.20

		7		32		8.89		0.94		6		8.341		30		102		917		1050		9820		42		2541		4.64				14		50		13.89		0.52		7		5.6192		74		102		466		642		9391		45		2675		4.21

		7		32		8.89		0.94		7		8.341		31		102		917		1050		9829		42		2541		4.64				14		50		13.89		0.52		8		5.6192		76		102		466		645		9424		45		2675		4.23

		EUDC

		Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)				Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)

		8		70		19.44		0.43		4		4.2583		92		102		371		565		11574		47		2838		4.89				18		120		33.33		0.28		4		4.2583		272		102		241		615		21570		81		4865		5.32

		8		70		19.44		0.43		4		4.2583		97		102		371		570		11664		47		2838		4.93				18		120		33.33		0.28		4		4.2583		284		102		241		628		22024		81		4865		5.43

		8		70		19.44		0.43		4		4.2583		101		102		371		574		11754		47		2838		4.97				18		120		33.33		0.28		4		4.2583		297		102		241		641		22478		81		4865		5.54

		8		70		19.44		0.43		4		4.2583		106		102		371		579		11844		47		2838		5.01				18		120		33.33		0.28		4		4.2583		310		102		241		654		22931		81		4865		5.66

		8		70		19.44		0.43		4		4.2583		110		102		371		583		11934		47		2838		5.05				18		120		33.33		0.28		4		4.2583		323		102		241		666		23385		81		4865		5.77

		8		70		19.44		0.43		4		4.2583		114		102		371		587		12024		47		2838		5.08				18		120		33.33		0.28		4		4.2583		336		102		241		679		23839		81		4865		5.88

		8		70		19.44		0.43		4		4.2583		119		102		371		592		12114		47		2838		5.12				18		120		33.33		0.28		4		4.2583		349		102		241		692		24292		81		4865		5.99

		8		70		19.44		0.43		4		4.2583		123		102		371		596		12205		47		2838		5.16				18		120		33.33		0.28		4		4.2583		362		102		241		705		24746		81		4865		6.10

		8		70		19.44		0.43		4		4.2583		128		102		371		601		12295		47		2838		5.20				18		120		33.33		0.28		4		4.2583		375		102		241		718		25200		81		4865		6.22

		8		70		19.44		0.43		5		4.2583		132		102		371		605		12385		47		2838		5.24				18		120		33.33		0.28		5		4.2583		388		102		241		731		25654		81		4865		6.33

		8		70		19.44		0.43		6		4.2583		136		102		371		609		12475		47		2838		5.27				18		120		33.33		0.28		6		4.2583		401		102		241		744		26107		81		4865		6.44

		8		70		19.44		0.43		7		4.2583		141		102		371		614		12565		47		2838		5.31				18		120		33.33		0.28		7		4.2583		414		102		241		757		26561		81		4865		6.55

		8		70		19.44		0.43		8		4.2583		145		102		371		618		12655		47		2838		5.35				18		120		33.33		0.28		8		4.2583		427		102		241		770		27015		81		4865		6.66

		8		70		19.44		0.43		9		4.2583		150		102		371		623		12745		47		2838		5.39				18		120		33.33		0.28		9		4.2583		440		102		241		783		27468		81		4865		6.78
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hapresentacion

		ECE 15

		Points		Velocity (Km/h)		Acceleration (m/s2)		Gear		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/min)		bmep (bar)

		1		0		1.04		1		0.00		102.02		1402.53		1504.55		0.00		0.00		!

		2		15		1.04		1		5.05		102.02		1402.53		1509.60		6621.07		2290.17		3.47

		3		15		0.00		1		5.05		102.02		0.00		107.07		469.63		2290.17		0.25

		4		0		0.83		1		0.00		102.02		1122.02		1224.05		0.00		0.00		!

		5		15		0.83		1		5.05		102.02		1122.02		1229.10		5390.78		2290.17		2.82

		6		15		0.94		2		5.05		102.02		933.13		1040.20		4562.28		1261.53		4.34

		7		32		0.94		2		22.99		102.02		933.13		1058.14		9900.70		2691.27		4.41

		8		32		0.00		2		22.99		102.02		0.00		125.01		1169.70		2691.27		0.52

		9		0		0.83		1		0.00		102.02		1122.02		1224.05		0.00		0.00		!

		10		15		0.83		1		5.05		102.02		1122.02		1229.10		5390.78		2290.17		2.82

		11		0		0.62		2		0.00		102.02		609.96		711.99		0.00		0.00		!

		12		35		0.62		2		27.50		102.02		609.96		739.49		7567.85		2943.57		3.09

		13		35		0.52		3		27.50		102.02		470.05		599.58		6136.03		1977.48		3.72

		14		50		0.52		3		56.12		102.02		470.05		628.20		9184.22		2824.97		3.90

		15		50		0.00		3		56.12		102.02		0.00		158.15		2312.08		2824.97		0.98

		16		35		0.00		3		27.50		102.02		0.00		129.52		1325.54		1977.48		0.80

		EUDC

		Points		Velocity (Km/h)		Acceleration (m/s2)		Gear		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/min)		bmep (bar)

		1		0		0.83		1		0.00		102.02		1121.93		1223.96		0.00		0.00

		2		15		0.83		1		5.05		102.02		1121.93		1229.01		5390.39		2290.17		2.82

		3		15		0.62		2		5.05		102.02		609.91		716.99		3144.69		1261.53		2.99

		4		35		0.62		2		27.50		102.02		609.91		739.44		7567.35		2943.57		3.08

		5		35		0.52		3		27.50		102.02		470.02		599.54		6135.65		1977.48		3.72

		6		50		0.52		3		56.12		102.02		470.02		628.16		9183.67		2824.97		3.90

		7		50		0.43		4		56.12		102.02		370.40		528.55		7727.29		1983.95		4.67

		8		70		0.43		4		110.00		102.02		370.40		582.42		11920.96		2777.53		5.15

		9		70		0.00		4		110.00		102.02		0.00		212.02		4339.66		2777.53		1.87

		10		50		0.00		4		56.12		102.02		0.00		158.15		2312.08		1983.95		1.40

		11		50		0.43		4		56.12		102.02		370.40		528.55		7727.29		1983.95		4.67

		12		70		0.43		4		110.00		102.02		370.40		582.42		11920.96		2777.53		5.15

		13		70		0.00		4		110.00		102.02		0.00		212.02		4339.66		2777.53		1.87

		14		70		0.25		4		110.00		102.02		218.87		430.90		8819.52		2777.53		3.81

		15		100		0.25		4		224.49		102.02		218.87		545.39		15946.96		3967.90		4.82

		16		100		0.00		4		224.49		102.02		0.00		326.51		9547.16		3967.90		2.89

		17		100		0.28		4		224.49		102.02		240.76		567.27		16586.94		3967.90		5.02

		18		120		0.28		4		323.26		102.02		240.76		666.05		23370.12		4761.47		5.89

		19		120		0.00		4		323.26		102.02		0.00		425.29		14922.38		4761.47		3.76
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		3000		1.9		1.5116

		4000		2.4		2.5428

		5000		3.0		2.9047

		6000		3.7		3.3921

		7000		4.5		3.8666
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Hoja3

		

				Cylinder torque		Pressure		Temperature		Temp (C)		air mass (kg/cycle)		air mass (Kg/h)		Mechanical efficiency

		1000		13.26		99887		346.75		73.75		0.00019674		11.8044		0.772344233

		2000		17.799		99648		322.92		49.92		0.00023384		28.0608		0.5763552596

		3000		18.857		99077		327.76		54.76		0.00024651		44.3718		0.3327254831

		4000		22.302		97860		313.24		40.24		0.00029255		70.212		0.1414557696

		5000		21.493		97270		308.45		35.45		0.00028772		86.316		-0.082718059

		6000		19.57		96376		310.09		37.09		0.00027719		99.7884		-0.3000545645

		7000		16.75		96498		311.92		38.92		0.00025464		106.9488		-0.5461772685

		8000		15.192		96094		313.42		40.42		0.00023872		114.5856		-0.757657617

		8000		15.162		96103		313.36		40.36		0.00023858		114.5184		-0.7586653737
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hyundai atos

		

				Car data

				mass		Cd		A		Gear number		Gear ratio (Atos)		Total gear ratio

				800		0.25		1.9		1		3.54		16.04		1.68

										2		1.95		8.83		1.24

										3		1.31		5.93		1.13

										4		0.92		4.17		1.08

										5		0.78		3.53		1.07

										Final		4.53

		ECE15

		Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)

		1		0		0.00		1.04		1		16.0362		0		102		1403		1505		0		0		0

		2		15		4.17		1.04		1		16.0362		5		102		1403		1510		6621		38		2290		3.47

		3		15		4.17		0.00		1		16.0362		5		102		0		107		470		38		2290		0.25

		4		0		0.00		0.83		1		16.04		0		102		1122		1224		0		0		0		0.00

		5		15		4.17		0.83		1		16.0362		5		102		1122		1229		5391		38		2290		2.82

		6		15		4.17		0.94		2		8.8335		5		102		933		1040		4562		21		1262		4.34

		7		32		8.89		0.94		2		8.8335		23		102		933		1058		9901		45		2691		4.41

		8		32		8.89		0.00		2		8.8335		23		102		0		125		1170		45		2691		0.52

		9		0		0.00		0.83		1		16.04		0		102		1122		1224		0		0		0		0.00

		10		15		4.17		0.83		1		16.04		5		102		1122		1229		5391		38		2290		2.82

		11		0		0.00		0.62		2		8.8335		0		102		610		712		0		0		0		0.00

		12		35		9.72		0.62		2		8.8335		27		102		610		739		7568		49		2944		3.09

		13		35		9.72		0.52		3		5.9343		27		102		470		600		6136		33		1977		3.72

		14		50		13.89		0.52		3		5.9343		56		102		470		628		9184		47		2825		3.90

		15		50		13.89		0.00		3		5.9343		56		102		0		158		2312		47		2825		0.98

		16		35		9.72		0.00		3		5.9343		27		102		0		130		1326		33		1977		0.80

		EUDC

		Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)

		1		0		0.00		0.83		1		16.0362		0		102		1122		1224		0		0		0

		2		15		4.17		0.83		1		16.0362		5		102		1122		1229		5390		38		2290		2.82

		3		15		4.17		0.62		2		8.8335		5		102		610		717		3145		21		1262		2.99

		4		35		9.72		0.62		2		8.8335		27		102		610		739		7567		49		2944		3.08

		5		35		9.72		0.52		3		5.9343		27		102		470		600		6136		33		1977		3.72

		6		50		13.89		0.52		3		5.9343		56		102		470		628		9184		47		2825		3.90

		7		50		13.89		0.43		4		4.1676		56		102		370		529		7727		33		1984		4.67

		8		70		19.44		0.43		4		4.1676		110		102		370		582		11921		46		2778		5.15

		9		70		19.44		0.00		4		4.1676		110		102		0		212		4340		46		2778		1.87

		10		50		13.89		0.00		4		4.1676		56		102		0		158		2312		33		1984		1.40

		11		50		13.89		0.43		4		4.1676		56		102		370		529		7727		33		1984		4.67

		12		70		19.44		0.43		4		4.1676		110		102		370		582		11921		46		2778		5.15

		13		70		19.44		0.00		4		4.1676		110		102		0		212		4340		46		2778		1.87

		14		70		19.44		0.25		4		4.1676		110		102		219		431		8820		46		2778		3.81

		15		100		27.78		0.25		4		4.1676		224		102		219		545		15947		66		3968		4.82

		16		100		27.78		0.00		4		4.1676		224		102		0		327		9547		66		3968		2.89

		17		100		27.78		0.28		4		4.1676		224		102		241		567		16587		66		3968		5.02

		18		120		33.33		0.28		4		4.1676		323		102		241		666		23370		79		4761		5.89

		19		120		33.33		0.00		4		4.1676		323		102		0		425		14922		79		4761		3.76
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Agila

		

		Car data

				mass		Cd		A		Gear number		Gear ratio (Agila)		Total gear ratio

				800		0.25		1.9		1		3.42		15.0138		1.6035354761

										2		1.9		8.341		1.2139307025

										3		1.28		5.6192		1.1189385216

										4		0.97		4.2583		1.0853327972

										5		0.82		3.5998		1.0723964001

										Final		4.39

		ECE15

		Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)

		1		0		0.00		1.04		1		15.0138		0		102		1336		1438		0		0		0

		2		15		4.17		1.04		1		15.0138		5		102		1336		1443		6331		36		2144		3.54

		3		15		4.17		0.00		1		15.0138		5		102		0		107		470		36		2144		0.26

		4		0		0.00		0.83		1		15.0138		0		102		1069		1171		0		0		0		0.00

		5		15		4.17		0.83		1		15.0138		5		102		1069		1176		5159		36		2144		2.89

		6		15		4.17		0.94		2		8.341		5		102		917		1024		4492		20		1191		4.53

		7		32		8.89		0.94		2		8.341		23		102		917		1042		9751		42		2541		4.60

		8		32		8.89		0.00		2		8.341		23		102		0		125		1170		42		2541		0.55

		9		0		0.00		0.83		1		15.0138		0		102		1069		1171		0		0		0		0.00

		10		15		4.17		0.83		1		15.0138		5		102		1069		1176		5159		36		2144		2.89

		11		0		0.00		0.62		2		15.0138		0		102		792		894		0		0		0		0.00

		12		35		9.72		0.62		2		8.341		27		102		600		729		7461		46		2779		3.22

		13		35		9.72		0.52		3		5.6192		27		102		466		596		6097		31		1872		3.91

		14		50		13.89		0.52		3		5.6192		56		102		466		624		9129		45		2675		4.10

		15		50		13.89		0.00		3		5.6192		56		102		0		158		2312		45		2675		1.04

		16		35		9.72		0.00		3		5.6192		27		102		0		130		1326		31		1872		0.85

		EUDC

		Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)

		1		0		0.00		0.83		1		15.0138		0		102		1069		1171		0		0		0

		2		15		4.17		0.83		1		15.0138		5		102		1069		1176		5158		36		2144		2.89

		3		15		4.17		0.62		2		8.341		5		102		599		707		3099		20		1191		3.12

		4		35		9.72		0.62		2		8.341		27		102		599		729		7460		46		2779		3.22

		5		35		9.72		0.52		3		5.6192		27		102		466		596		6097		31		1872		3.91

		6		50		13.89		0.52		3		5.6192		56		102		466		624		9128		45		2675		4.09

		7		50		13.89		0.43		4		4.2583		56		102		371		529		7737		34		2027		4.58

		8		70		19.44		0.43		4		4.2583		110		102		371		583		11934		47		2838		5.05

		9		70		19.44		0.00		4		4.2583		110		102		0		212		4340		47		2838		1.83

		10		50		13.89		0.00		4		4.2583		56		102		0		158		2312		34		2027		1.37

		11		50		13.89		0.43		4		4.2583		56		102		371		529		7737		34		2027		4.58

		12		70		19.44		0.43		4		4.2583		110		102		371		583		11934		47		2838		5.05

		13		70		19.44		0.00		4		4.2583		110		102		0		212		4340		47		2838		1.83

		14		70		19.44		0.25		4		4.2583		110		102		219		431		8827		47		2838		3.73

		15		100		27.78		0.25		4		4.2583		224		102		219		546		15958		68		4054		4.72

		16		100		27.78		0.00		4		4.2583		224		102		0		327		9547		68		4054		2.83

		17		100		27.78		0.28		4		4.2583		224		102		241		568		16599		68		4054		4.91

		18		120		33.33		0.28		4		4.2583		323		102		241		666		23385		81		4865		5.77

		19		120		33.33		0.00		4		4.2583		323		102		0		425		14922		81		4865		3.68
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ka

		

		Car data

				mass		Cd		A		Gear number		Gear ratio (Ford Ka)		Total gear ratio						Gear ratio (Ford Ka modified)

				800		0.25		1.9		1		3.154		11.316552		1.3601608729

										2		1.926		6.910488		1.159387111

										3		1.281		4.596228		1.0928132796

										4		0.951		3.412188		1.0691075674

										5		0.756		2.712528		1.0583945204

										Final		3.588

		ECE15

		Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)		bmpe 1.3l

		1		0		0.00		1.04		1		11.316552		0		102		1134		1236		0		0		0

		2		15		4.17		1.04		1		11.316552		5		102		1134		1241		5441		27		1616		4		3.11

		3		15		4.17		0.00		1		11.316552		5		102		0		107		470		27		1616		0		0.27

		4		0		0.00		0.83		1		11.316552		0		102		907		1009		0		0		0		0		0.00

		5		15		4.17		0.83		1		11.316552		5		102		907		1014		4447		27		1616		3		2.54

		6		15		4.17		0.94		2		6.910488		5		102		876		983		4311		16		987		5		4.03

		7		32		8.89		0.94		2		6.910488		23		102		876		1001		9366		35		2105		5		4.11

		8		32		8.89		0.00		2		6.910488		23		102		0		125		1170		35		2105		1		0.51

		9		0		0.00		0.83		1		11.316552		0		102		907		1009		0		0		0		0		0.00

		10		15		4.17		0.83		1		11.316552		5		102		907		1014		4447		27		1616		3		2.54

		11		0		0.00		0.62		2		6.910488		0		102		573		675		0		0		0		0		0.00

		12		35		9.72		0.62		2		6.910488		27		102		573		702		7185		38		2303		4		2.88

		13		35		9.72		0.52		3		4.596228		27		102		455		585		5986		26		1532		5		3.61

		14		50		13.89		0.52		3		4.596228		56		102		455		614		8970		36		2188		5		3.78

		15		50		13.89		0.00		3		4.596228		56		102		0		158		2312		36		2188		1		0.98

		16		35		9.72		0.00		3		4.596228		27		102		0		130		1326		26		1532		1		0.80

		EUDC

		Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)		bmpe 1.3l

		1		0		0.00		0.83		1		11.316552		0		102		907		1009		0		0		0

		2		15		4.17		0.83		1		11.316552		5		102		907		1014		4447		27		1616		3		2.54

		3		15		4.17		0.62		2		6.910488		5		102		573		680		2981		16		987		4		2.79

		4		35		9.72		0.62		2		6.910488		27		102		573		702		7185		38		2303		4		2.88

		5		35		9.72		0.52		3		4.596228		27		102		455		585		5985		26		1532		5		3.61

		6		50		13.89		0.52		3		4.596228		56		102		455		613		8969		36		2188		5		3.78

		7		50		13.89		0.43		4		3.412188		56		102		366		524		7656		27		1624		6		4.35

		8		70		19.44		0.43		4		3.412188		110		102		366		578		11821		38		2274		6		4.80

		9		70		19.44		0.00		4		3.412188		110		102		0		212		4340		38		2274		2		1.76

		10		50		13.89		0.00		4		3.412188		56		102		0		158		2312		27		1624		2		1.31

		11		50		13.89		0.43		4		3.412188		56		102		366		524		7656		27		1624		6		4.35

		12		70		19.44		0.43		4		3.412188		110		102		366		578		11821		38		2274		6		4.80

		13		70		19.44		0.00		4		3.412188		110		102		0		212		4340		38		2274		2		1.76

		14		70		19.44		0.25		4		3.412188		110		102		216		428		8760		38		2274		5		3.56

		15		100		27.78		0.25		4		3.412188		224		102		216		542		15862		54		3249		6		4.51

		16		100		27.78		0.00		4		3.412188		224		102		0		327		9547		54		3249		4		2.71

		17		100		27.78		0.28		4		3.412188		224		102		238		564		16494		54		3249		6		4.69

		18		120		33.33		0.28		4		3.412188		323		102		238		663		23259		65		3898		7		5.51

		19		120		33.33		0.00		4		3.412188		323		102		0		425		14922		65		3898		5		3.53





kamodified

		

		Car data

				mass		Cd		A		Gear number		Gear ratio (Ford Ka modified)		Total gear ratio

				800		0.25		1.9		1		3.154		9.597622		1.2702858701

										2		1.821		5.541303		1.1167650973

										3		1.051		3.198193		1.0655710962

										4		0.795		2.419185		1.0546311402

										5		0.646		1.965778		1.0496607079

										Final		3.043

		ECE15

		Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)		bmpe 1.3l

		1		0.00		0.00		1.04175		1		9.597622		0		102		1059		1161		0		0		0

		2		15.00		4.17		1.04175		1		9.597622		5		102		1059		1166		5113		23		1371		4.48		3.44

		3		15.00		4.17		0		1		9.597622		5		102		0		107		470		23		1371		0.41		0.32

		4		0.00		0.00		0.8334		1		9.597622		0		102		847		949		0		0		0		0.00		0.00

		5		15.00		4.17		0.8334		1		9.597622		5		102		847		954		4184		23		1371		3.66		2.82

		6		15.00		4.17		0.9444		2		5.541303		5		102		844		951		4170		13		791		6.32		4.86

		7		32.00		8.89		0.9444		2		5.541303		23		102		844		969		9064		28		1688		6.44		4.96

		8		32.00		8.89		0		2		5.541303		23		102		0		125		1170		28		1688		0.83		0.64

		9		0.00		0.00		0.8334		1		9.597622		0		102		847		949		0		0		0		0.00		0.00

		10		15.00		4.17		0.8334		1		9.597622		5		102		847		954		4184		23		1371		3.66		2.82

		11		0.00		0.00		0.6173333333		2		5.541303		0		102		552		654		0		0		0		0.00		0.00

		12		35.00		9.72		0.6173333333		2		5.541303		27		102		552		681		6970		31		1847		4.53		3.48

		13		35.00		9.72		0.520875		3		3.198193		27		102		444		574		5870		18		1066		6.61		5.08

		14		50.00		13.89		0.520875		3		3.198193		56		102		444		602		8804		25		1522		6.94		5.34

		15		50.00		13.89		0		3		3.198193		56		102		0		158		2312		25		1522		1.82		1.40

		16		35.00		9.72		0		3		3.198193		27		102		0		130		1326		18		1066		1.49		1.15

		EUDC

		Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)		bmpe 1.3l

		1		0.00		0.00		0.8333333333		1		9.597622		0		102		847		949		0		0		0

		2		15.00		4.17		0.8333333333		1		9.597622		5		102		847		954		4184		23		1371		3.66		2.82

		3		15.00		4.17		0.6172839506		2		5.541303		5		102		551		659		2888		13		791		4.38		3.37

		4		35.00		9.72		0.6172839506		2		5.541303		27		102		551		681		6969		31		1847		4.53		3.48

		5		35.00		9.72		0.5208333333		3		3.198193		27		102		444		574		5869		18		1066		6.61		5.08

		6		50.00		13.89		0.5208333333		3		3.198193		56		102		444		602		8803		25		1522		6.94		5.34

		7		50.00		13.89		0.4273504274		4		2.419185		56		102		361		519		7583		19		1152		7.90		6.08

		8		70.00		19.44		0.4273504274		4		2.419185		110		102		361		573		11719		27		1612		8.72		6.71

		9		70.00		19.44		0		4		2.419185		110		102		0		212		4340		27		1612		3.23		2.48

		10		50.00		13.89		0		4		2.419185		56		102		0		158		2312		19		1152		2.41		1.85

		11		50.00		13.89		0.4273504274		4		2.419185		56		102		361		519		7583		19		1152		7.90		6.08

		12		70.00		19.44		0.4273504274		4		2.419185		110		102		361		573		11719		27		1612		8.72		6.71

		13		70.00		19.44		0		4		2.419185		110		102		0		212		4340		27		1612		3.23		2.48

		14		70.00		19.44		0.2525252525		4		2.419185		110		102		213		425		8700		27		1612		6.48		4.98

		15		100.00		27.78		0.2525252525		4		2.419185		224		102		213		540		15777		38		2303		8.22		6.32

		16		100.00		27.78		0		4		2.419185		224		102		0		327		9547		38		2303		4.97		3.83

		17		100.00		27.78		0.2777777778		4		2.419185		224		102		234		561		16400		38		2303		8.54		6.57

		18		120.00		33.33		0.2777777778		4		2.419185		323		102		234		660		23146		46		2764		10.05		7.73

		19		120.00		33.33		0		4		2.419185		323		102		0		425		14922		46		2764		6.48		4.98





s masa

		

		Car data

				mass		Cd		A		Gear number		Gear ratio (Agila)		Total gear ratio

				1150

				1100

				1050

				1000

				950

				900

				850

				800		0.25		1.9		1		3.42		15.0138		1.6035354761

				750						2		1.9		8.341		1.2139307025

				700						3		1.28		5.6192		1.1189385216

				650						4		0.97		4.2583		1.0853327972

				600						5		0.82		3.5998		1.0723964001

										Final		4.39

		ECE15

		Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)				Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)

		7		32		8.89		0.94		2		8.341		23		147		1318		1488		13923		42		2541		6.57				14		50		13.89		0.52		3		5.6192		56		147		670		873		12764		45		2675		5.73

		7		32		8.89		0.94		2		8.341		23		140		1261		1424		13327		42		2541		6.29				14		50		13.89		0.52		3		5.6192		56		140		641		838		12244		45		2675		5.49

		7		32		8.89		0.94		2		8.341		23		134		1204		1361		12731		42		2541		6.01				14		50		13.89		0.52		3		5.6192		56		134		612		802		11725		45		2675		5.26

		7		32		8.89		0.94		2		8.341		23		128		1146		1297		12135		42		2541		5.73				14		50		13.89		0.52		3		5.6192		56		128		583		766		11206		45		2675		5.03

		7		32		8.89		0.94		2		8.341		23		121		1089		1233		11539		42		2541		5.45				14		50		13.89		0.52		3		5.6192		56		121		554		731		10687		45		2675		4.79

		7		32		8.89		0.94		2		8.341		23		115		1032		1170		10943		42		2541		5.17				14		50		13.89		0.52		3		5.6192		56		115		525		695		10167		45		2675		4.56

		7		32		8.89		0.94		2		8.341		23		108		974		1106		10347		42		2541		4.89				14		50		13.89		0.52		3		5.6192		56		108		495		660		9648		45		2675		4.33

		7		32		8.89		0.94		2		8.341		23		102		917		1042		9751		42		2541		4.60				14		50		13.89		0.52		3		5.6192		56		102		466		624		9129		45		2675		4.10

		7		32		8.89		0.94		2		8.341		23		96		860		978		9155		42		2541		4.32				14		50		13.89		0.52		3		5.6192		56		96		437		589		8610		45		2675		3.86

		7		32		8.89		0.94		2		8.341		23		89		803		915		8559		42		2541		4.04				14		50		13.89		0.52		3		5.6192		56		89		408		553		8090		45		2675		3.63

		7		32		8.89		0.94		2		8.341		23		83		745		851		7963		42		2541		3.76				14		50		13.89		0.52		3		5.6192		56		83		379		518		7571		45		2675		3.40

		7		32		8.89		0.94		2		8.341		23		77		688		787		7367		42		2541		3.48				14		50		13.89		0.52		3		5.6192		56		77		350		482		7052		45		2675		3.16

		EUDC

		Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)				Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)

		8		70		19.44		0.43		4		4.2583		110		147		533		790		16171		47		2838		6.84				18		120		33.33		0.28		4		4.2583		323		147		347		817		28654		81		4865		7.07

		8		70		19.44		0.43		4		4.2583		110		140		510		760		15565		47		2838		6.58				18		120		33.33		0.28		4		4.2583		323		140		332		795		27901		81		4865		6.88

		8		70		19.44		0.43		4		4.2583		110		134		487		731		14960		47		2838		6.33				18		120		33.33		0.28		4		4.2583		323		134		317		774		27148		81		4865		6.70

		8		70		19.44		0.43		4		4.2583		110		128		464		701		14355		47		2838		6.07				18		120		33.33		0.28		4		4.2583		323		128		301		752		26396		81		4865		6.51

		8		70		19.44		0.43		4		4.2583		110		121		441		672		13750		47		2838		5.81				18		120		33.33		0.28		4		4.2583		323		121		286		731		25643		81		4865		6.32

		8		70		19.44		0.43		4		4.2583		110		115		417		642		13145		47		2838		5.56				18		120		33.33		0.28		4		4.2583		323		115		271		709		24890		81		4865		6.14

		8		70		19.44		0.43		4		4.2583		110		108		394		613		12540		47		2838		5.30				18		120		33.33		0.28		4		4.2583		323		108		256		688		24138		81		4865		5.95

		8		70		19.44		0.43		4		4.2583		110		102		371		583		11934		47		2838		5.05				18		120		33.33		0.28		4		4.2583		323		102		241		666		23385		81		4865		5.77

		8		70		19.44		0.43		4		4.2583		110		96		348		554		11329		47		2838		4.79				18		120		33.33		0.28		4		4.2583		323		96		226		645		22632		81		4865		5.58

		8		70		19.44		0.43		4		4.2583		110		89		325		524		10724		47		2838		4.53				18		120		33.33		0.28		4		4.2583		323		89		211		624		21880		81		4865		5.40

		8		70		19.44		0.43		4		4.2583		110		83		301		494		10119		47		2838		4.28				18		120		33.33		0.28		4		4.2583		323		83		196		602		21127		81		4865		5.21

		8		70		19.44		0.43		4		4.2583		110		77		278		465		9514		47		2838		4.02				18		120		33.33		0.28		4		4.2583		323		77		181		581		20374		81		4865		5.03





s masa

		1150		1150		1150		1150

		1100		1100		1100		1100

		1050		1050		1050		1050

		1000		1000		1000		1000

		950		950		950		950

		900		900		900		900

		850		850		850		850

		800		800		800		800

		750		750		750		750

		700		700		700		700

		650		650		650		650

		600		600		600		600



ECE 7

ECE 14

EUCD 8

EUCD 18

mass (Kg)

bmep (bar)

6.5747605921

5.7258110983

6.8375217459

7.0675411964

6.2933174415

5.4928662278

6.581629352

6.8818961248

6.0118742909

5.2599213572

6.3257369581

6.6962510531

5.7304311402

5.0269764867

6.0698445642

6.5106059814

5.4489879896

4.7940316162

5.8139521704

6.3249609098

5.167544839

4.5610867456

5.5580597765

6.1393158381

4.8861016883

4.3281418751

5.3021673826

5.9536707665

4.6046585377

4.0951970046

5.0462749887

5.7680256948

4.3232153871

3.862252134

4.7903825948

5.5823806231

4.0417722365

3.6293072635

4.5344902009

5.3967355515

3.7603290858

3.396362393

4.2785978071

5.2110904798

3.4788859352

3.1634175224

4.0227054132

5.0254454082



s Cd

		

		Car data

				mass		Cd		A		Gear number		Gear ratio (Agila)		Total gear ratio

						0.21

						0.22

						0.23

						0.24

				800		0.25		1.9		1		3.42		15.0138		1.6035354761

						0.26				2		1.9		8.341		1.2139307025

						0.27				3		1.28		5.6192		1.1189385216

						0.28				4		0.97		4.2583		1.0853327972

						0.29				5		0.82		3.5998		1.0723964001

						0.3				Final		4.39

						0.31

						0.32

						0.33

						0.34

		ECE15

		Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)				Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)

		7		32		8.89		0.94		2		8.341		19		102		917		1038		9717		42		2541		4.59				14		50		13.89		0.52		3		5.6192		47		102		466		615		8997		45		2675		4.04

		7		32		8.89		0.94		2		8.341		20		102		917		1039		9725		42		2541		4.59				14		50		13.89		0.52		3		5.6192		49		102		466		618		9030		45		2675		4.05

		7		32		8.89		0.94		2		8.341		21		102		917		1040		9734		42		2541		4.60				14		50		13.89		0.52		3		5.6192		52		102		466		620		9063		45		2675		4.07

		7		32		8.89		0.94		2		8.341		22		102		917		1041		9743		42		2541		4.60				14		50		13.89		0.52		3		5.6192		54		102		466		622		9096		45		2675		4.08

		7		32		8.89		0.94		2		8.341		23		102		917		1042		9751		42		2541		4.60				14		50		13.89		0.52		3		5.6192		56		102		466		624		9129		45		2675		4.10

		7		32		8.89		0.94		2		8.341		24		102		917		1043		9760		42		2541		4.61				14		50		13.89		0.52		3		5.6192		58		102		466		627		9162		45		2675		4.11

		7		32		8.89		0.94		2		8.341		25		102		917		1044		9768		42		2541		4.61				14		50		13.89		0.52		3		5.6192		61		102		466		629		9194		45		2675		4.12

		7		32		8.89		0.94		2		8.341		26		102		917		1045		9777		42		2541		4.62				14		50		13.89		0.52		3		5.6192		63		102		466		631		9227		45		2675		4.14

		7		32		8.89		0.94		2		8.341		27		102		917		1046		9786		42		2541		4.62				14		50		13.89		0.52		3		5.6192		65		102		466		633		9260		45		2675		4.15

		7		32		8.89		0.94		3		8.341		28		102		917		1047		9794		42		2541		4.62				14		50		13.89		0.52		4		5.6192		67		102		466		636		9293		45		2675		4.17

		7		32		8.89		0.94		4		8.341		29		102		917		1048		9803		42		2541		4.63				14		50		13.89		0.52		5		5.6192		70		102		466		638		9326		45		2675		4.18

		7		32		8.89		0.94		5		8.341		29		102		917		1049		9811		42		2541		4.63				14		50		13.89		0.52		6		5.6192		72		102		466		640		9359		45		2675		4.20

		7		32		8.89		0.94		6		8.341		30		102		917		1050		9820		42		2541		4.64				14		50		13.89		0.52		7		5.6192		74		102		466		642		9391		45		2675		4.21

		7		32		8.89		0.94		7		8.341		31		102		917		1050		9829		42		2541		4.64				14		50		13.89		0.52		8		5.6192		76		102		466		645		9424		45		2675		4.23

		EUDC

		Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)				Points		Velocity (Km/h)		Velocity (m/s)		Acceleration (m/s2)		Gear		Total Gear ratio		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/s)		ne (rev/min)		bmep (bar)

		8		70		19.44		0.43		4		4.2583		92		102		371		565		11574		47		2838		4.89				18		120		33.33		0.28		4		4.2583		272		102		241		615		21570		81		4865		5.32

		8		70		19.44		0.43		4		4.2583		97		102		371		570		11664		47		2838		4.93				18		120		33.33		0.28		4		4.2583		284		102		241		628		22024		81		4865		5.43

		8		70		19.44		0.43		4		4.2583		101		102		371		574		11754		47		2838		4.97				18		120		33.33		0.28		4		4.2583		297		102		241		641		22478		81		4865		5.54

		8		70		19.44		0.43		4		4.2583		106		102		371		579		11844		47		2838		5.01				18		120		33.33		0.28		4		4.2583		310		102		241		654		22931		81		4865		5.66

		8		70		19.44		0.43		4		4.2583		110		102		371		583		11934		47		2838		5.05				18		120		33.33		0.28		4		4.2583		323		102		241		666		23385		81		4865		5.77

		8		70		19.44		0.43		4		4.2583		114		102		371		587		12024		47		2838		5.08				18		120		33.33		0.28		4		4.2583		336		102		241		679		23839		81		4865		5.88

		8		70		19.44		0.43		4		4.2583		119		102		371		592		12114		47		2838		5.12				18		120		33.33		0.28		4		4.2583		349		102		241		692		24292		81		4865		5.99

		8		70		19.44		0.43		4		4.2583		123		102		371		596		12205		47		2838		5.16				18		120		33.33		0.28		4		4.2583		362		102		241		705		24746		81		4865		6.10

		8		70		19.44		0.43		4		4.2583		128		102		371		601		12295		47		2838		5.20				18		120		33.33		0.28		4		4.2583		375		102		241		718		25200		81		4865		6.22

		8		70		19.44		0.43		5		4.2583		132		102		371		605		12385		47		2838		5.24				18		120		33.33		0.28		5		4.2583		388		102		241		731		25654		81		4865		6.33

		8		70		19.44		0.43		6		4.2583		136		102		371		609		12475		47		2838		5.27				18		120		33.33		0.28		6		4.2583		401		102		241		744		26107		81		4865		6.44

		8		70		19.44		0.43		7		4.2583		141		102		371		614		12565		47		2838		5.31				18		120		33.33		0.28		7		4.2583		414		102		241		757		26561		81		4865		6.55

		8		70		19.44		0.43		8		4.2583		145		102		371		618		12655		47		2838		5.35				18		120		33.33		0.28		8		4.2583		427		102		241		770		27015		81		4865		6.66

		8		70		19.44		0.43		9		4.2583		150		102		371		623		12745		47		2838		5.39				18		120		33.33		0.28		9		4.2583		440		102		241		783		27468		81		4865		6.78
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hapresentacion

		ECE 15

		Points		Velocity (Km/h)		Acceleration (m/s2)		Gear		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/min)		bmep (bar)

		1		0		1.04		1		0.00		102.02		1402.53		1504.55		0.00		0.00		!

		2		15		1.04		1		5.05		102.02		1402.53		1509.60		6621.07		2290.17		3.47

		3		15		0.00		1		5.05		102.02		0.00		107.07		469.63		2290.17		0.25

		4		0		0.83		1		0.00		102.02		1122.02		1224.05		0.00		0.00		!

		5		15		0.83		1		5.05		102.02		1122.02		1229.10		5390.78		2290.17		2.82

		6		15		0.94		2		5.05		102.02		933.13		1040.20		4562.28		1261.53		4.34

		7		32		0.94		2		22.99		102.02		933.13		1058.14		9900.70		2691.27		4.41

		8		32		0.00		2		22.99		102.02		0.00		125.01		1169.70		2691.27		0.52

		9		0		0.83		1		0.00		102.02		1122.02		1224.05		0.00		0.00		!

		10		15		0.83		1		5.05		102.02		1122.02		1229.10		5390.78		2290.17		2.82

		11		0		0.62		2		0.00		102.02		609.96		711.99		0.00		0.00		!

		12		35		0.62		2		27.50		102.02		609.96		739.49		7567.85		2943.57		3.09

		13		35		0.52		3		27.50		102.02		470.05		599.58		6136.03		1977.48		3.72

		14		50		0.52		3		56.12		102.02		470.05		628.20		9184.22		2824.97		3.90

		15		50		0.00		3		56.12		102.02		0.00		158.15		2312.08		2824.97		0.98

		16		35		0.00		3		27.50		102.02		0.00		129.52		1325.54		1977.48		0.80

		EUDC

		Points		Velocity (Km/h)		Acceleration (m/s2)		Gear		Drag Force (N)		Rolling R (N)		F accelerat (N)		Total Force (N)		Power (W)		ne (rev/min)		bmep (bar)

		1		0		0.83		1		0.00		102.02		1121.93		1223.96		0.00		0.00

		2		15		0.83		1		5.05		102.02		1121.93		1229.01		5390.39		2290.17		2.82

		3		15		0.62		2		5.05		102.02		609.91		716.99		3144.69		1261.53		2.99

		4		35		0.62		2		27.50		102.02		609.91		739.44		7567.35		2943.57		3.08

		5		35		0.52		3		27.50		102.02		470.02		599.54		6135.65		1977.48		3.72

		6		50		0.52		3		56.12		102.02		470.02		628.16		9183.67		2824.97		3.90

		7		50		0.43		4		56.12		102.02		370.40		528.55		7727.29		1983.95		4.67

		8		70		0.43		4		110.00		102.02		370.40		582.42		11920.96		2777.53		5.15

		9		70		0.00		4		110.00		102.02		0.00		212.02		4339.66		2777.53		1.87

		10		50		0.00		4		56.12		102.02		0.00		158.15		2312.08		1983.95		1.40

		11		50		0.43		4		56.12		102.02		370.40		528.55		7727.29		1983.95		4.67

		12		70		0.43		4		110.00		102.02		370.40		582.42		11920.96		2777.53		5.15

		13		70		0.00		4		110.00		102.02		0.00		212.02		4339.66		2777.53		1.87

		14		70		0.25		4		110.00		102.02		218.87		430.90		8819.52		2777.53		3.81

		15		100		0.25		4		224.49		102.02		218.87		545.39		15946.96		3967.90		4.82

		16		100		0.00		4		224.49		102.02		0.00		326.51		9547.16		3967.90		2.89

		17		100		0.28		4		224.49		102.02		240.76		567.27		16586.94		3967.90		5.02

		18		120		0.28		4		323.26		102.02		240.76		666.05		23370.12		4761.47		5.89

		19		120		0.00		4		323.26		102.02		0.00		425.29		14922.38		4761.47		3.76
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Consumption

		

				Fuel consumption (litres/100 Km)

				Modeled vehicle. Idle=1000 rpm		Modeled vehicle. Idle =800 rpm		With idle engine deactivation

		ECE		5.28		4.99		3.48

		EUDC		3.59		3.57		3.43

		Combined		4.21		4.09		3.45

						baseline

				Baseline		Carmass 700		Reduction of 12.5%		Carmass 900		Increase of 12.5%		Carmass 1000

		ECE		4.99		4.8		-3.8		5		0.2		5.36

		EUDC		3.57		3.39		-5.0		3.76		5.3		(5.12) ?

		Combined		4.09		3.91		-4.4		4.22		3.2		(5.21) ?

				Baseline		Cd = 0.22		Reduction of 12%		Cd = 0.28		Increase of 12%		Cd = 0.3

		ECE		4.99		4.94		-1.0		5.002		0.2		5.008

		EUDC		3.57		3.44		-3.6		3.72		4.2		(4.23)?

		Combined		4.09		3.99		-2.4		4.19		2.4		(4.51)?

				Baseline		Frontal area = 1.7m2		Reduction of 10%		Frontal area = 2.2 m2		Increase of 15.7%

		ECE		4.99		4.97		-0.4		4.99		0.0

		EUDC		3.57		3.46		-3.1		3.76		5.3

		Combined		4.09		4.01		-2.0		4.21		2.9





report-consumption

		

				Fuel consumption (litres/100 Km)

				Modeled vehicle. Idle=1000 rpm				With idle engine deactivation

		ECE		5.28		4.99		3.48

		EUDC		3.59		3.57		3.43

		Combined		4.21		4.09		3.45

				Baseline		Car mass 700 Kg		Car mass 900 Kg		Car mass 1000 Kg						700		800		900

		ECE		4.99		4.8		5		5.36				ECE		4.8		4.99		5

		EUDC		3.57		3.39		3.76		(5.12) ?				EUDC		3.39		3.57		3.76

		Combined		4.09		3.91		4.22		(5.21) ?				Combined		3.91		4.09		4.22

		mass change				Reduction of 12.5%		Increase of 12.5%

		% fuel deviation		ECE		-3.8		0.2

				EUDC		-5.0		5.3

				Combined		-4.4		3.2

				Baseline		Cd = 0.22		Cd = 0.28		Cd = 0.3						0.22		0.25		0.3

		ECE		4.99		4.94		5.002		5.008				ECE		4.94		4.99		5.002

		EUDC		3.57		3.44		3.72		(4.23)?				EUDC		3.44		3.57		3.72

		Combined		4.09		3.99		4.19		(4.51)?				Combined		3.99		4.09		4.19

						Reduction of 12%		Increase of 12%

		% fuel deviation		ECE		-1.0		0.2

				EUDC		-3.6		4.2

				Combined		-2.4		2.4

				Baseline		Frontal area = 1.7m2		Frontal area = 2.2 m2

		ECE		4.99		4.97		4.99								1.7		1.9		2.2

		EUDC		3.57		3.46		3.76						ECE		4.97		4.99		4.99

		Combined		4.09		4.01		4.21						EUDC		3.46		3.57		3.76

						Reduction of 10%		Increase of 15.7%						Combined		4.01		4.09		4.21

		% fuel deviation		ECE		-0.4		0.0

				EUDC		-3.1		5.3

				Combined		-2.0		2.9

		mass		-12.5		0		12.5

				3.91		4.09		4.22

		Cd		-12		0		12

				3.99		4.09		4.19

		Frontal area		-10		0		15.7

				4.01		4.09		4.21
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		1.00E-05

		1000		0.412		4.12E-06

		2000		0.252		2.52E-06

		3000		0.167		1.67E-06

		4000		0.126		1.26E-06

		5000		0.101		1.01E-06

		5500		0.0906		9.06E-07

		6000		0.0861		8.61E-07

		7000		0.074		7.40E-07

		Haciendo interpolacion lineal es 4.44 rpm

		Con ecuacion 4.32
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cylinder

		

				mm

		Cylinder

		Bore		62 mm

		Stroke		65 mm

		Connecting rod		113 mm

		AFR		14.5

		Compression ratio		10.5

		Combustion model		Vibe function

		Cylinder heat transfer		Woschi 1978

		Ports heat transfer		Zapf

		Scavenge model		Perfect mixing

		Effective blow by gap		0.0008 mm

		Start combustion		715

		Combustion duration		50

		Shape Parameter		1.6

		Parameter a		6.9

		Piston surface area		3300

		Cylinder head area		3500

		Liner piston		204

		Wall temperatures		550

		Valves

		Intake valves				Exhaust valves

		Valve size		23		Valve size		19				En verdad 23 y 19

		Opening time		350		Opening time		170

		Duration		220		Duration		220

		Lift		10		Lift		10

		Scaling factor		1.68		Scaling factor		1.7

		Inlet lift

		El que tengo				con lift program

		350		0		350		0.01

		360		1.19		360		0.43

		370		2.83		370		1.69

		380		4.34		380		3.28

		390		5.66		390		4.83

		400		6.81		400		6.19

		410		7.79		410		7.36

		420		8.58		420		8.31

		430		9.2		430		9.05

		440		9.65		440		9.58

		450		9.91		450		9.89

		460		10		460		10.00

		470		9.91		470		9.89

		480		9.65		480		9.58

		490		9.2		490		9.05

		500		8.58		500		8.31

		510		7.79		510		7.36

		520		6.81		520		6.19

		530		5.66		530		4.83

		540		4.34		540		3.28

		550		2.83		550		1.69

		560		1.19		560		0.43

		570		0		570		0.01





cylinder

		



deg cranck angle

Lift (mm)

Inlet valve lift



Pipes

		

		Pipes

				Length (mm)		Diametre (mm)

		1		850		50

		2		130		50

		3		70		50

		4		300		25

		5		300		25

		6		300		25

		7		60		25

		8		60		25

		9		60		25

		10		100		21.5

		11		100		21.5

		12		100		21.5

		13		220		45

		14		1500		45

		15		1000		45

		16		70		45

		17		100		50

		Friction coefficient = 0.019

		Junction		Flow coefficient

		J1		0.49

		J2		0.9





Plenums and cylinders

		

		Others		Volume (l)		Flow coefficient

		Pl1		6		0.6

		Pl2		3		0.9

		Pl3		3		0.6

		Cl1		5		1

		Cat1		5		1





values

				imep		bmep		boost fmep		pumping		real fmep		mechanical efficiency		Volumetric efficiency mp		thermal  losses

		1000		10.52		9.6177		0.9		-0.0351		0.9351		0.9111121673		0.94043		-0.2675		0.2675

		2000		11.01		10.0378		0.97		-0.0914		1.0614		0.9035967302		0.88603		-0.1944		0.1944

		3000		12.01		10.8978		1.11		-0.2442		1.3542		0.8872439634		0.9227		-0.163		0.163

		4000		12.37		11.061		1.31		-0.3599		1.6699		0.865004042		0.93497		-0.1459		0.1459

		5000		11.63		10.058		1.57		-0.4947		2.0647		0.8224677558		0.88293		-0.1383		0.1383

		6000		10.37		8.4723		1.9		-0.5748		2.4748		0.7613500482		0.79794		-0.1362		0.1362

		7000		9.92		7.5893		2.33		-0.687		3.017		0.6958669355		1.79794		-0.1323		0.1323

		Creo que hay algo mal en el rend volumetrico, sube a 1000 cuando no deberia

		Quizas es porque al final cambien la cilindrada de 0.7 a 0.6

		Debe estar bien y el piquito debe ser por haberle metido el plenum

				Torqu WOT		Total torque		Power

		1000		15.08		45.24		4735.12

		2000		16.09		48.255		10101.38

		3000		17.14		51.429		16148.706

		4000		17.30		51.906		21731.312

		5000		15.65		46.935		24562.65

		5500		13.99		41.97		24160.73

		6000		13.25		39.762		24970.536

		7000		11.88		35.634		26107.844

				Total torque		Power

		1000		45.24		4735.12

		2000		48.255		10101.38

		3000		51.429		16148.706

		4000		51.906		21731.312

		5000		46.935		24562.65

		6000		39.762		24970.536

		7000		35.634		26107.844
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Sheet1

		

				Weight		Length

		F.Ka concept		610

		R.Smile		650		3480

		F Panda 0.9ie		715		3410

		S.Marbela 0.9		720		3475

		Smart		720		2500

		Su.Alto 1.0		730		3490

		O.G90		750

		K Pride 1.3		795		3560

		V.Lupo		800		3520

		P.106 1.0		815		3680

		H. Insight		835		3945

		N. Micra 1.0		835		3720

		R.Twingo		845		3480

		F.Ka 1.3i		870		3620

		O.Corsa 1.0		940		3740

		Drag coefficient

				Cd

		O. G90		0.22

		H Insight		0.25

		Lexus LS430		0.25

		R Smile		0.25

		Lupo 1.2 Tdi		0.29

		O.Calibra		0.29

		T.Echo		0.29

		S. Octabia		0.3

		T Celica		0.31

		R.Twingo		0.35
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Sheet1

		

				Weight		Length

		F.Ka concept		610

		R.Smile		650		3480

		F Panda 0.9ie		715		3410

		S.Marbela 0.9		720		3475

		Smart		720		2500

		Su.Alto 1.0		730		3490

		O.G90		750

		K Pride 1.3		795		3560

		V.Lupo		800		3520

		P.106 1.0		815		3680

		H. Insight		835		3945

		N. Micra 1.0		835		3720

		R.Twingo		845		3480

		F.Ka 1.3i		870		3620

		O.Corsa 1.0		940		3740

		Drag coefficient

				Cd

		O. G90		0.22

		H Insight		0.25

		Lexus LS430		0.25

		R Smile		0.25

		Lupo 1.2 Tdi		0.29

		O.Calibra		0.29

		T.Echo		0.29

		S. Octabia		0.3

		T Celica		0.31

		R.Twingo		0.35





Sheet1

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Weight (Kg)



Sheet2

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Cd



Sheet3

		





		






_1045241388.unknown

_1045241588.unknown

_1045241658.unknown

_1045241814.unknown

_1045241889.unknown

_1045241646.unknown

_1045241400.unknown

_1045240184.unknown

_1045241336.unknown

_1045240100.unknown

