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Abstract

The compression ratio of an internal combustion engine is an important control
parameter for effective engine design. A project study to simulate the effect of
variable compression ratio on the performance of an engine. In this project the various
performance parameters were studied at various compression ratios. The study carried
out using a simulation software Diesel RK version 4.3.0.189 it is internal combustion
engine simulation software, and ECM titanium mapping software version 1.61, to get
the engine maps from the control unit file for VVolkswagen Golf 2.0 TFSI and engine
control module number (1K0907115K).

The performance parameters considered for the simulation are Brake Torque, Engine
power, indicated mean effective pressure (IMEP), Brake mean effective pressure
(BMEP), Specific fuel consumption (SFC), Cylinder Pressure and Cylinder
Temperature. The graphs for these parameters against the engine speed at different
compression ratios.

An increase in compression ratio cause increases in Indicated mean effective pressure
(IMEP), Brake mean effective pressure (BMEP), Brake torque, piston engine power,
cylinder pressure and cylinder temperature and reduction in the specific fuel
consumption.



Dedication

...... sl a5 aiall a5 S )
JUbY) dxed 5 elagill a3 5

...... Je i d w5 osihll cae 5
"y oS (S Sinia Al Gl (cplanls) ) Juadl a2 L) il 8 yia) Al g gel) )
(Bl eagsS) (ol ) U pul ). sl pes ani] ol G cpldl ),

JP\}X‘)&}B\:\J‘M‘;"SJM\}U\_\L“‘S_\M‘;\J&_\LHG.\M‘;\ ‘;;&)utgﬁbdu&wuj\
(Rl )bl o) (I oad s sy Lalia

s sl L sial oo LIS B 5 U J sk ey Lgdldal (s 28 ) el (5 531 & jae (A 2ay O AU (4
(Gl galls). ) ) 5 23l 8

(FBaal)......Auall Gaall iy ) elaall 5 old sl )5 j0ai s el AYL slad e
;\_).G‘Y\ (_f',)‘ji) ..... s‘-\).ahj C«\).wj‘ ‘_g = (;Ahi u;ﬂ\ ‘_A! (
() sl 1Y s il g Taa 3kl (35 s Lgms s (00 )

oS L) | i) i ol aglalS e o slasy ol Sl 5f ) (




Acknowledgment

Madde ale (63 S (558 " Al 30 aSaa 8 JHAN 5 Cpall g Jadl Aaniy Uile andl g2 il ed) i) S
WA Gl b s

35503 sl ol gy Mo saildlS Al ) g 5 i,

Ol Cpmaliall Y 5Y SN e aail Qaeadly e 1 yie )5 1 pai g eld g g el 5 (5 S JalSy il
¢ bl il 138 Jlae 8 Liinelisa A lagas 15105

Lo ll " Caglas g 5" il ) i€l i) 50l mpand (3 e busa s ogen 5 8 uSY) Juaill Caalia g
o slaall 555 Janll 130 bl e Uimganis 3 2gall 8 e aliadl) Sl a5 ol sl S
bl Jaal sl 5 acall 13g ) S| Al miliaill

aa s daSl e Al all sda 71 Al A sacluall s ¢ sl 0 ) sae (e JS () (oSS U e pail



Table of contents:

ADSIIACE. .ottt 1
DAICALION. .. ... e e 2
ACKNOWIEAdZMENt. ... ..t e 3
L7011 11 4-5
LISt O I UL, e e e 6-7
List Of table. ..o 8

Chapter one: Introduction

0 B0 157 4 1) 10
1.2 Importance of the Project...........ooiiiiii e, 10
1.3 Problem Statement ............oooiiiiiii e 10
1.4 Objectives 0f the Project .......oueiniiiiii e 11
L5 MethodolOgY. ... .o 11
1.6 LItErature TEVIEW ....euetitint ettt et ettt ettt et et e e e e aaeneens 12-14
1.7 Time Table. . ... e e e 15

Chapter two: Diesel-RK ICE software and ECM TITANIUM Mapping Software

2.1 INtrodUCHION ..tee e 17
2.2 The theoretical basis for building models of Diesel-RK software .................. 17-18
2.3 Features of Diesel RK software ... 18-19
2.4 Applicability of Diesel-RK software..............ccooviiiiiiiiiiiiieeeen 19-20
2.5 ECM TITANIUM Mapping SOftWare ...........ooueeiuiiiiiiiiiii i eiiieeeeeaenn 21
2.6 The main features of ECM Titanium ............ccooiiiiiiiiiiiiiiiiiiiiieieneanns 21-22



Chapter three: Engine specification and performance

3. ANtrOAUCHION ...ttt e e 24
3.2 Fuel Stratified Injection (FSI) ..o e 25
3.3 IgNItION SYSIEIM . ... .o 26
3.4 BorgWarner KO3 turbocharger ............oouiiiiiiiiiiiiiiiiii i 27
3.5ENQINe performance. ..........c.ooviuiiriieii i 28-29
Chapter four: Procedure

4.1 INtrodUCHION ...t e e 31
4.2 PrOCEAUIE ..ottt e e e e e e 31-36
Chapter five: Result

D L RESUILS Lot 37-44
5.2 Comparison between our study and Literature reviews........................... 45-46
5.3 percentage error between actual torque and power and simulation torque and

[0} /< PP 47-48
I 01071161 10 S 03 s E R 49
RETEIBNCES. ... 50-51



List of Figure:

Figure Description Page

Figure2.1 Diesel RK software 18

Figure2.2 ECM TITANIUM Mapping Software 21

Figure 3.1 The 2.01 FSI engine with turbocharged 24

Figure 3.2 Torque and power graph for 2.0 TFSI engine 25

Figure 3.3 injection timing map (from ECM TITANIUM Mapping 26
Software)

Figure 3.4 Ignition timing map (from ECM TITANIUM Mapping 26
Software)

Figure 3.5 BorgWarner KO3 Turbocharger map 27

Figure 3.6 Boost pressure map (from ECM TITANIUM Mapping 28
Software)

Figure 4.1 | general parameter from software Diesel RK 31

Figure 4.2 Inlet valve timing from software Diesel RK 32

Figure 4.3 | Exhaust valve timing from software Diesel RK 32

Figure 4.4 | Fuel injection system 33

Figure 4.5 | Turbocharger compressor spacification 34

Figure 4.6 | Turbocharger turbine specification 34

Figure 4.7 | Operating mode 35

Figure 5.1 | Variation of Brake torque with Compression Ratio for different | 38
engine speeds.

Figure 5.2 | Variation of Piston engine power with Compression Ratio for 39
different engine speeds.

Figure 5.3 | Variation of Brake mean effictive pressure with Compression 40
Ratio for different engine speeds.

Figure 5.4 | Variation of Indicated Mean Effective Pressure with 41
Compression Ratio for different engine speeds.

Figure 5.5 | Variation of Specific Fuel Consumption with Compression 42
Ratio for different engine speeds.

Figure 5.6 | Variation of cylinder pressure with compression ratio for 43

different crank angle.




Figure 5.7 | Variation of cylinder pressure with compression ratio for 43
different crank angle.

Figure 5.8 | Variation of Cylinder Temperature (average)with compression | 44
ratio for different crank angle.

Figure 5.9 | Variation of Cylinder Temperature (average)with compression | 44
ratio for different crank angle.

Figure. 5.10 | Variation of brake power with compression ratio. 45

Figure 5.11 | Variation of engine power with Compression Ratio for different | 46
engine speeds.

Figure 5.12 | Actual engine power & torque vs engine speed (CR 10.5) 48

Figure 5.13 | Simulation engine power & torque vs engine speed (CR 10.5) 48




List of Table:

Table Description page

Table 1.1 Time Table for the summer semester 15

Table 1.2 Time Table for the first semester 15

Table 3.1 Engine specification 24

Table 3.2 Turbocharger dimension 27

Table 5.1 percentage error between actual torque and power and 47
simulation torque and power




Chapter 1: Introduction

1.1 Overview

1.2 Importance of the Project
1.3 Problem Statement

1.4 Objectives of the Project
1.5 Methodology

1.6 Literature review

1.7 Time Table



1.1 Overview

Combustion, also known as burning, is the basic chemical process of releasing
energy from a fuel and air mixture. In an internal combustion engine (ICE), the
ignition and combustion of the fuel occurs within the engine itself. The engine then
partially converts the energy from the combustion to work. [1]

The performance of spark ignition engines is a function of many Factors
(Compression ratio, Fuel chemical structure, Air-fuel ratio, ignition timing, flame
speed etc. ......). One of the most important ones is Compression ratio. Also it is one
of the most important parameters for optimizing efficiency and fuel consumption. [1]

1.2 Importance of the Project

With increasing demands for better engine performance and improved fuel
economy has led to much advancement in the automotive industry. One of those
advancements is the concept of variable compression ratio VCR. The concept of
VCR proved in increasing the engine performance with also proved in improving the
fuel economy. [2]

1.3 Problem Statement

The higher the compression ratio, the more compressed the air is in the cylinder.
When the air is compressed, you get combustion from the air-fuel mixture and more
fuel being used and thus higher the efficiency. Conventional engines operate at a fixed
compression ratio. Thus there might be a chance that the engine is running at a lower
efficiency than when it is to be operated at any other compression ratio. So an engine
with variable compression ratio is needed so that the compression ratio of the engine
can be changed according to different load and speed conditions. [3]
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1.4 Objectives of the Project

e This project theoretically investigates the effect of variable compression ratio
on the performance of a gasoline engine - spark-ignition (SI).

e This project simulation investigates engine parameters with different engine
speed and change of compression ratio in four stroke four-cylinder engine by
take some parameters and calculate others.

e Simulation the Break Torque, Engine Power, indicated mean effective
pressure (IMEP), Brake mean effective pressure (BMEP), Specific fuel
consumption (SFC), Cylinder Pressure and Cylinder Temperature. The graphs
for these parameters against the engine speed at different compression ratios.

1.5 Methodology

With the increasing cost and demand of energy resources such as diesel and
gasoline there is continuous need for engines having high efficiency and lowest fuel
consumption as these resources are on the verge of depletion. Therefore, an engine
with variable compression ratio is needed which provides best performance and also
reduces the consumption of fuel. Thus further reducing the environmental damage
and benefitting the manufacturers by satisfying the strict emission control norms. In
this project a four-cylinder gasoline engine (The 2.0l FSI engine with turbocharger
AXX) has been taken into account for carrying out the simulation. The study
carried out using a simulation software Diesel RK version 4.3.0.189.

The performance parameters considered for the simulation are Break Torque,
Engine Power, indicated mean effective pressure (IMEP), Brake mean effective
pressure (BMEP), Specific fuel consumption (SFC), Cylinder Pressure and Cylinder
Temperature, were studied distinctly for every case. An optimum value of
compression ratio has been found at which engine is running at best efficiency and
lowest fuel consumption. The range of compression ratio considered for studying
engine was (8.5 - 12.5).

11



1.6 Literature review

The first study:

The Effect of Compression Ratio upon the Performance and Emission of spark
ignition engine (Mohammed Kadhim Allawi) 2016.

Introduction

The goal of this research to improve the performance of the gasoline engine (SI) by
Increasing the compression ratio (CR) below detonating values, to improve the
performance by use the experimental analysis the performance of SI engine operating
with variable compression ratios 6, 7, 8 and 9.

Procedure

The research was performed using engine test: a single cylinder, variable compression
ratio engine type GR used in the experiments. It made by the " Prodit” Company, 4
strokes; has popped overhead valve and connected to a hydraulic dynamometer. it
adapted to run on an Sl engine. The exhaust gas analyzer type (TEXA) was used to
analyze the emissions of exhaust. The analyzer the CO-CO2-HC-0O2 emissions
contents. The Compression Ratio measured by the cylinder-head position and it varies
from (4 to 17).

Result

The research evaluates the Effect of Compression Ratio upon the Performance and
Emission like as Brake Thermal Efficiency, f Brake specific fuel consumption, HC &
CO emissions in the exhaust gases. [4]
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The second study:

Influence of compression ratio on the performance characteristics of a spark
ignition engine (Aina T., Folayan C. O. and Pam G. Y.) 2012.

Introduction

The goal of this research to improve the performance of the gasoline engine (SI) by
Increasing the compression ratio (CR) below detonating values, to improve the
performance by use an experimental and theoretical analysis the performance of the
Ricardo variable compression ratio spark ignition engine. Compression ratios of 5, 6,
7,8 and 9, and engine speeds of 1100 to 1600 rpm.

Procedure

experimental is realized using test engine (Ricardo variable compression ratio engine
with direct current electric dynamometer is a four stroke water-cooled single cylinder
petrol engine). Variation of the compression ratio was achieved by raising the
cylinder head up in order to decrease the compression ratio and by lowering it down
to increase the compression ratio and theoretical is realized by equation and
calculation.

Result

The research evaluates the Effect of Compression Ratio upon the Performance and
efficiencies like as brake power, brake thermal efficiency, brake mean effective
pressure and specific fuel consumption. [5]
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The third study:

Effect of Compression Ratio on Performance and Emissions of a Single Cylinder
Four Stroke Diesel Engine (Yogesh S. Awate , Madhu L. Kasturi , K. S. Gharge ,
A. T. Pise) 2017.

Introduction

The goal of this study and experiment is to work was conducted to evaluate the effect
of compression ratio on performance and emission by using conventional diesel fuel
on the single cylinder four stroke variable compression ratio (VCR) engine.

Procedure

The engine specification uses for experimental: Variable Compression Ratio, Single
cylinder Engine diesel, 4 stroke, connected with Dynamometers. Dynamometer Type:
eddy current, air cooled with loading unit, Load measurement Direct coupling, strain
gauge, manual loading, Exhaust Gas Calorimeter Type shell and tube, K type
thermocouple, water cooling. The exhaust gas analyzer Model AVL was used to
analyze the emissions of exhaust.

Result

The study evaluates the Effect of Compression Ratio upon the Performance, emission
and efficiencies like as brake thermal efficiency, specific fuel consumption, and
Exhaust Gas Temperature (EGT) with emission HC, CO & NOx. [6]
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1.7 Time Table

The time table that will spend during the summer semester as shown in table 1.1

Table 1.1 Time Table for the summer semester

Number of weeks 1 2 3 4 5 6 7 8

Task

Select the idea

Select the software

literature review

Writing report

Make presentation

The time table that will spend during the first semester as shown in table 1.2

Table 1.2 Time Table for the first semester

Number of
weeks

Task

Select
engine

Engine
specification

Make
simulation
and get a
results

Make report

Make
presentation
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Chapter 2: Diesel-RK ICE software and ECM TITANIUM Mapping
Software

2.1 Introduction

2.2 The theoretical basis for building models of Diesel-RK software

2.3 Features of Diesel RK software

2.4 Applicability of Diesel-RK software

2.5 ECM TITANIUM Mapping Software

2.6 The main features of ECM Titanium
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2.1 Introduction

Currently, the researches of internal combustion engines in the world have focused on
research and development of software to solve simulation problems and complete the
working cycle to solve problems related to the logical organization of the mixture
generation process and combustion in IC engines. The demand for such software is
very large, while the prices of software from well-known brands Boost (AVL), Wave
(Ricardo), GT-Power (Gamma Technologies) are very high, possibly up to hundreds
of thousands of dollars. However, the above software does not allow to study in detail
the effects of the combustion chamber shape, spray beam direction and other
characteristics of the process of creating a mixture to the quality of combustion
process.

Diesel-RK is a software for calculating internal combustion engines developed by
Bauman Technical University (Russian Federation) experts. It has been used by many
facilities specializing in research, development, and production. Diesel-RK software
used a multi-zone fire model based on the mixture and combustion model of
Razleisev, added and developed by Kuleshov (known as Razleisev-Kuleshov model
or RK model). [7]

2.2 The theoretical basis for building models of Diesel-RK software

To build the software, the team of Diesel RK has built and developed computational
models of previous scientists and researchers. The main mathematical model of the
software is to simulate the engine process. This model was developed based on the
research results of GS A. Kuleshov: Simulation and optimization of the working
process of internal combustion engines. The working parameters of the mixed-gas in
the engine combustion chamber are determined by solving the partial differential
equation of energy, mass and state equation for open thermodynamic systems. Multi
zone fire models are used to calculate combustion in gasoline and gas engines. The
release heat rate is calculated according to the Wiebe method. The mixture formation
and combustion process in diesel engines are simulated by the RK model. The method
of simulating the RK model was developed by Professor Razleytsev in 1990-1994.
Later, the method was modified and supplemented by Dr. Kuleshov. The RK model
will take into account: (1) Shape of fuel spray; (2) Fuel particle size; (3) Direction of
the fuel sprays in the combustion chamber; (4) The dynamics of the development and
decay process of the fuel sprays; (5) Dynamics and shapes of swirls in the combustion
chamber; (7) Interaction of fuel particles with swirls and walls of combustion
chambers. NOx emission calculation is done in two ways: (1) The model was
developed by Professor Zvonov with the use of Zeldovich mechanism on the basis of
chemical balance of 18 substances when considering conventional diesel engines; (2)
DKM model considers 199 reactions with 33 substances to accurately predict NOx
emissions in engines with EGR, multi-nozzle systems and HCCI engines. DKM only
supports DIESEL-RK version in Russia, see Figure 2.1 that main window of Diesel rk
software.
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Figure 2.1 Diesel rk software [7]

2.3 Features of Diesel RK software

The main features of DIESEL-RK software are similar to known thermodynamic
software. However, along with popular features, DIESELRK has new advanced
applications that other programs do not have. DIESEL-RK oriented optimization of
the combustion process in engines and ICE analysis and optimization. Assuming the
same working of all cylinders in the engine allows a significant increase in operating
speed and makes it possible to optimize the complex engine tasks. DIESEL-RK is a
software that simulates the thermodynamic cycle of relatively complete engines. The
software is designed to simulate and optimize the working processes of combustion
engines for 2-stroke engines and 4-stroke engines with a turbocharger. Software can
simulate the model of the following types of engines:

(1) DI diesel engine, including PCCI and also biofuel engine.
(2) Sl gasoline engine.

(3) Sl gas engines include a pre-combustion chamber system, engines can use
different gases: methane, propane-butane, biogas, synthetic gas.

(4) Reversible or non-reversing two-stroke engines, reciprocating piston engines (OP
motors or Junkers) and OPOC engines.
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(5) Dual fuel engine (the engine has an independent fuel injection system for different
fuels) (Engine with RCCI).

DIESEL-RK is a thermal and dynamic calculation software for highly reliable internal
combustion engines. This software meets different requirements in evaluation design
and testing. It is used to perform the following functions:

(1) Allows a detailed review of the impact of the parameters affecting the fuel
injection process, forming mixture; dynamic of combustion and formation of
pollutants.

(2) Multi-parameter optimization function allows optimization of design, fuel supply
process, air exchanges ... to achieve a simultaneous compromise of the two biggest
goals is to reduce fuel consumption and to reduce pollution levels (NOx, PM).

(3) Add a suitable model for calculating the NOx emissions of diesel engines working
with lean mixes - PCCI (Premixed Compression Ignition) and having a high level of
emissions (EGR).

(4) Allows analysis and evaluation of intelligent air distribution systems.

(5) Combined thermodynamic simulation with temperature forecasting of details
(piston, cylinder, cylinder head).

(6) Allow to link with other simulation software for overall engine design (check the
compatibility of diesel engines with applications of fuel consumption, pollution
emissions, ...).

(7) The combustion model of a diesel engine in Diesel-RK software allows
calculation of engine simulation when using different types of fuel: diesel fuel (B0),
biofuels as well as biofuel mixtures with different mixing ratios. The software also
allows users to update the properties of the fuel in the library based on the properties
of the actual fuel surveyed.

The RK model is capable of optimizing the bowl piston shape and fuel injection
system parameters and developing multi-point injection technology and controlling
Common Rail throughout all operating modes. [8]

2.4 Applicability of Diesel-RK software

Software can be applied to solve problems in diesel engines:(1) Predicting torque
graphs and engine performance; (2) Predict and optimize fuel consumption; (3)
Analysis and optimization of combustion and emission processes;(4) Prediction
knock; (5) Optimize working time of valves; (6) Analysis and optimization of EGR
system; (7) Optimizing the combination of turbocharged turbines and emissions; (8)
Research and optimize fuel spray characteristics of both multi-nozzle system
including spray shape and spray position as well as optimize crown piston shape; (9)
Convert diesel engine into gas engine; (10) Analysis of engines using dual fuel .
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The fast data processing speed has allowed DIESEL-RK to solve optimization tasks
well, including optimizing the crown piston shape and fuel injection system to
achieve low NOx and smoke emissions. [9]

Publications that was used diesel RK

Andrey Kuleshov, Khamid Mahkamov, Andrey Kozlov, Yury Fadeev, 2014,
“Simulation of dual-fuel diesel combustion with multi-zone fuel spray combustion
model,” ASME 2014 Internal Combustion Engine Division Fall Technical Conference
ICEF2014-5700, October 19-22, 2014, Columbus, IN, USA, 14 p.

Andrey Kuleshov, Leonid Grekhov "Multidimensional Optimization of DI Diesel
Engine Process Using Multi-Zone Fuel Spray Combustion Model and Detailed
Chemistry NOx Formation Model"”, SAE Paper No 2013-01-0882, 2013.

A.S. Kuleshov, A.V. Kozlov, K. Mahkamov "Self-Ignition delay Prediction in PCCI
direct injection diesel engines using multi-zone spray combustion model and detailed
chemistry"” 2010.

A.S. Kuleshov: "Multi-Zone DI Diesel Spray Combustion Model for Thermodynamic
Simulation of Engine with PCCI and High EGR Level", SAE Paper No 2009-01-
1956, 2009.

Kuleshov, A. and Mahkamov, K. Multi-zone diesel fuel spray combustion model for
the simulation of a diesel engine running on biofuel. // Proc. Mechanical Engineers
Vol. 222, Part A, Journal of Power and Energy. pp. 309 — 321. 2008.

SAE Paper No 2005-01-2119, 2005
SAE Paper No 2006-01-1385, 2006
SAE Paper No 2007-01-1908, 2007
SAE Paper No 2009-01-1956, 2009
SAE Paper No 2010-01-1960, 2010
SAE Paper No 2013-01-0882, 2013
ASME ICEF2014 - 5700, 2014

SA SAE Paper No 2015-01-1791, 2015

SAE Paper No 2015-01-1859, 2015 [10]
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2.5 ECM TITANIUM Mapping Software

ECM Titanium is the mapping software that allows you to interpret and modify the
files of the control unit easily and with accuracy. It is compatible with all the original
files of cars, motorbikes, trucks, tractor and boats; it does not need other files or
additional information as all are already included in the software.

To each original file corresponds a driver, supplied by Alientech, that decodes and
makes available the parameters of the engine performance, for example: spark
advance, engine revolves, acceleration percentage and turbo pressure. In this way you
can edit the related parameters modifying the performance of the engine, see Figure
2.2 ECM TITANIUM Mapping Software.

Figure 2.2 ECM TITANIUM Mapping Software

2.6 The main features of ECM Titanium
DRIVER SEARCH

The driver search is the exclusive feature that will allow you to automatically find all
the necessary info to remap the original file you loaded in ECM Titanium. You will
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not need to purchase or to search for additional information to edit the parameters of
the engine performance.

MAP LIST

In the section dedicated to the map list you will find all the necessary information to
manage at your best any kind of ECU and TCU. Maps are divided in categories like:
intake control, advance, turbo, engine torque, limiters and deactivations. Beside the
map categories, you will also find all the available unit of measurement for each
single function.

TABLE VIEW

Thanks to the table view you have the exact representation in real values used to
manage the engine. You can then create your own strategy to edit the maps in the
drivers. For example, you can use the interpolation feature that permits to modify the
parameters in a proportional way to a selected area of the map.

3D VIEW

The 3D view will allow the form and the development of the map; you can so
linearise the representation, modifying the values point by point so to make the engine
response more uniformed and smooth. You will be also able to increase or decrease
specific areas to improve the vehicle performance.

2D VIEW

Through the 2D view, you will have the chance to explore the entire original file to
search for one or more maps you want. You will be able to modify any parameter in
the loaded map. And thanks to the feature Memo addresses you can memorize the
addresses of the maps so that you will easily find them again later.

INTERNAL DATABASE

Our internal database will allow you to save all the files on ECM Titanium inside the
flash drive so to have them always with you and work on many different Pc. If you
select the desired original file you will find all the associated mod files you created.
[11]
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3.1 Introduction

3.2 Fuel Stratified Injection (FSI)

3.3 Ignition system

3.4 BorgWarner K03 turbocharger

3.5 Engine Performance
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3.1 Introduction

The 2.0l turbocharged FSI engine was first installed in the Volkswagen Golf GTI ,see
Figure 3.1 that show The 2.0l FSI engine with turbocharged and Figure 3.2 that show
Torque and power graph for 2.0 TFSI engine,and Table 3.1 show Engine specification
[12]

=

igure 3.1 The 2.0l FSI engine with turbocharged [12]

Table 3.1 Engine specification [12]

Engine code AXX

Engine type 4 cylinder in line engine
Capacity 1984

Bore 82.5

Stroke 92.8

Compression ratio 105:1

Max power 147 Kw at 5700 rpm

Max torque 280 Nm at 1800 - 4700 rpm
Engine management Bosch motronic MED 9.1

IVO - intake valve opening, degreeBTDC | 28

IVC - intake valve closing, degree. ABDC | 38

EVO - open degree exhaust valve. BBDC | 38

EVC - exhaust valve shutdown. ATDC 8

IV _Lift - intake valve lift, mm 10.7
EV_Lift - exhaust valve lift, mm 10
Intake valve head diameter (mm) 33.85
exhaust valve head diameter (mm) 28
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Figure 3.2 Torque and power graph for 2.0 TFSI engine [12]

3.2 Fuel Stratified Injection (FSI)

The 2.0 TFSI engine had Volkswagen's Fuel Stratified injection or FSI which directed
fuel directly into the combustion chamber (as opposed to port injection which injected
fuel upstream of the chamber) at a pressure of up to 110 bar. The high pressure fuel
pump was driven by a four-fold cam on the exhaust camshaft. Fuel was only injected
in the piston's compression phase (lather than the conventional induction phase) and
was directed into the intake a stream as it moved towards the spark plug. the injection
occurred on the intake stroke at approximately 300 degrees before top dead center
(TDC) of ignition and the fuel distributed itself homogeneously. The Figure 3.3 show
injection timing map X axis represent engine load and Y axis represent engine speed.
[12]
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3.3 Ignition system

The 2.0 TFSI engine had four single spark ignition coils and cylinder-selective anti-

Figure 3.3 injection timing map (X axis is engine load and Y axis is engine speed)

knock control that was controlled by the Bosch Motronic MED 9.1 engine

management system. Furthermore, the 2.0 TFSI engine had a compression ratio of

10.5.1. The Figure 3.4 show Ignition timing map X axis represent engine load and Y
axis represent engine speed [12]

RPM|load| 8 | 17 | 25 | 33 | 4 | 50 | 58 | 67 | 75 | 8 | 92 | 100
700 27 27 27 8 3 5 4 0 12 13 14 15
1100 28 R R 13 2 6 4 10 12 13 -4
1400 20 R ) 2% 16 5 3 5 § 10 12 13
1800 3 43 38 H 28 19 11 4 710 1
2100 45 45 4 7 2 2 15 1 4 7 0
2500 47 47 4 39 % 25 19 13 - 0 4 7
2800 47 47 43 41 % 7 21 14 7 2 2 5
3200 51 51 43 44 35 29 2 16 10 4 1 2
3500 51 53 T Y 37 33 2% 18 12 10 6 2
3900 43 43 8 45 T 27 20 16 12 8 4
4200 43 43 45 42 37 33 28 2 19 14 10 6
4600 43 43 44 4 35 13 0 25 21 17 13 9
4900 43 43 43 39 35 33 30 27 23 19 15 11
5300 43 43 44 40 35 33 31 29 25 21 18 13
5600 43 43 47 39 37 33 n 30 28 25 2 17
6000 43 43 45 40 38 35 33 33 32 29 25 20

Figure 3.4 Ignition timing map (X axis is engine load and Y axis is engine speed)
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3.4 BorgWarner K03 turbocharger

The 2.0 TFSI had a single water-cooled turbocharger that was integrated with the
exhaust manifold into a single unit. For the AXX, BWA and BPY engines which
produced peak power of 147 kW. The Table 3.2 show Turbocharger dimension and
The figure 3.5 BorgWarner KO3 Turbocharger map X axis is air volume flow and Y
axis is pressure ratio and The Figure 3.6 show Boost pressure map X axis represent
engine load and Y axis represent engine speed. [13]

Table 3.2 Turbocharger dimension [13]

AXX / BWA / BPY EA113: KO3 turbocharger

, Blade diameter (inducer/exducer) 40 mm /45 mm
Turbine
Number of blades 11
Blade diameter (inducer/exducer) 41 mm /54 mm
Compressor
Number of blades 6+6

304

26 1

22 1

0.00 002 004 005 008 010 042 014 0.16 018 0.20
0 o}
Volumenstromivolume flow VipedO¥) {7,4/T1, [m3l.s]

Figure 3.5 BorgWarner KO3 Turbocharger map (X axis is air volume flow and Y axis is pressure ratio)
[14]
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RPM|Load| 10 20 | 30 | 40 | s0 | 60 | 70 | 80 | 9 | 100
700 3200 3400 4000 5400 7600 10600 14000 18000 19000

800 0 3800 4400 5400 7000 9400 11800 15200 18000 19000

900 0 4200 5600 7200 8600 11000 13200 16200 18000 19000
1100 0 4800 7400 9000 10600 12400 14400 16800 18000 19000
1200 0 5000 8400 102000 11800 13400 15000 17000 18000, 19000
1400 0 5000 8400 10400 12000 13400 14600 16200 18000 19000
1700 0 5000 8200 10400 12000 13200 14600 15800 18000 19000
1500 0 5000 8200 10400 12000 13200 14800 15800 17000 19000
2200 0 5200 8200 10200 12000 13200 14800 15800 17000 19000
2500 0 5400 8400 10400 12000 13600 14800 16000 17000 19000
2900 0 5800 8600 10600 12000 13600 15000 16400 18000 19000
3400 0 6200 8800 10800 12200 13800 15600 17000 19000 19000
3900 0 6800 9200 11000 12600 14200 16400 17400 19000 19000
4500 0 7400 9600 11000 12800 14600 16800 17800 19000 19000
5200 0 7600 6800 11000 12800 14800 17000 18000 19000 19000
6000 0 7600 9800 11000 12800 14800 17000 18000 19000 19000

Figure 3.6 Boost pressure map (X axis is engine load and Y axis is engine speed)

3.5 Engine Performance

1-Torque

in simple terms, is ‘Twisting or Turning Force’. It is the tendency of a force

to rotate an object about an axis. In automotive terms, it is the measure of

rotational effort applied on engine crankshaft by the piston.

Torque = force * distance (N.m)

2-Brake Power (BP)

The brake power of an engine is the actual power delivered by the crankshaft and is
measured by the means of an electric dynamometer. It is an important factor for
calculating the mechanical efficiency of an engine.

3-Mean Effective Pressure (MEP)

The mean effective pressure is the hypothetical Pressure which is assumed to be
acting on the piston during the power stroke.
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4-Indicated Power (IP)

The indicated power of an engine is the actual power developed within the cylinder
during the combustion process. It is always greater than the brake power. The sum of
brake power and friction power gives the indicated power. The indicated power of a
single cylinder engine is determined by using the following formulae

Where,

IMEPXxLxAXN
60
IMEP = Indicated Mean Effective Pressure (Pa)
L = Length of stroke (m)
A = Area of cylinder (m”2)
N = Number of working strokes per minute

5-Friction Power (FP)

The friction power is the power that is required to overcome the loss of power due to
friction in an engine. Friction power increases in relation to engine speed and it is
calculated by subtracting the brake power from the indicated power.

FP= [P—- BP

6-Specific Fuel Consumption (SFC)
It is defined as the amount of fuel consumed per unit of power developed per hour.
7-Brake Specific Fuel Consumption (BSFC)

It is a measure of the fuel efficiency of an engine that burns fuel and develop power. It
is obtained by using the formulae

f
4

BSFC = —
BP

Where, M = Weight of fuel (Kg/hr.).

8-Indicated Specific Fuel Consumption (ISFC)

It is the ratio of amount of fuel used by an engine to the indicated power of an engine.
It is obtained by using the formulae

isrc =M
- IP

Where, M = Weight of fuel (Kg/hr.) [15]
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Chapter 4 Procedure

4.1 Introduction

4.2 Procedure
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4.1 Introduction

The results discussed in this chapter were obtained using the RK Diesel simulation software
described in the second chapter of the project by selecting an engine with the specifications
mentioned in the third chapter of the project, following certain procedures. Based on this
simulation, a set of curves describing The effect of compression ratio on engine performance
parameters such as Indicated mean effective pressure (IMEP), Brake mean effective pressure
(BMEP), Brake torque, Specific fuel consumption (SFC), piston engine power, cylinder
pressure and cylinder temperature(average).

4.2 Procedure

To determine the optimum value of the compression ratio the specifications of the
four-cylinder gasoline engine is entered into the simulation software Diesel RK: Bore,
Stroke, Nominal speed, Compression ratio, No. of valves, No. of cylinders. That was
taken from the third chapter. Figure 4.1 which contains the engine specification
information, Figure 4.2 and figure 4.3 which contains intake and exhaust valve
dimension and timing, select from fuel injection system window the petrol fuel direct
injection with high pressure 110 bar show in Figure 4.4.

el

File Engine_Parameters Optimization Run Results Options Help
1 *HR el ] .Y < | 2 K
[%1 General Parameters - > i
Cylinder Bare. D. [mm] 825 Piston Stroke, S, [mm]  |328 Compression Ratio| 105
-]

Number of Cylinders 1 35 MNominal Engine Speed, [rpm] 2000
Cylinder Head Friction Heat Transfer and Cooling system
Geometrical Properties ™ Piston and Rings

Basic Engine Mechanism Design
@) Crank Gear ) Other Set Function
Connecting Rod Length, [mm]
@® Connecting Rod Length, [mm] 144
O Ratio of Crank Radius to Connecting Rod Length 0.322
? Help =2 Print  OK I > Cancel

Figure 4.1 General parameter from software Diesel RK
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@ Gas Exchange — | >

Exhaust Port Exhaust Walve Timing

Exhaust Manifold
Intake FPort Inlet“alwe Timing

Intake Manifold

Open Area Diagram
(O Set as aresult of Steady Flow Test

(O Express estimation

O Default
(® Calculation using Yalve Lift and Flow Coefficient

Flow Coefficient Cf in equation:
Eff_area=Cf*3.14*Dv*Lv SetCf =f(Lv/Dv)

[Mode #1 | Mode#2 | Mode#3 | Mode#4 | Mode#5 | Mode#6 | Mode#7 [«

16 Actual number of working Valves 2 il
o 12 Maximal Walwe Lift, Lv, mm 10.7
£ Diagram of rated Valwe Lift
%- 8 [ Asymmetrical diagram
§ 4 Opening (1) Closing (2)
Yalwe Opening (on the line 1), deg. B DC 2
0

Valve Closing (on the main line 2), deqg. 38
ADC

[1 Control of WVakwe Dwell (at lines 3-4)

2 Help | s Print | 4 OK | > cancel

Figure 4.2 Inlet valve timing from software Diesel RK

ﬁ Gas Exchange — O >

Intake Port Inlet Walve Timing

Intake hManifold
Exhaust Valse Timing *

Exhaust Manifold Exhaust Port

Open Area Diagram
) Set as aresult of Steady Flow Test

() Express estimation

() Default
@) Calculation using Yalve Lift and Flow Coefficient

Flow Coefficient Cf in equation:
Eff_area = Cf*3.14*Dv*Lv SRS LR

| Mode #1 | rMode #2 Mode #3 tMode #4 rMode #5 Mode #6 | tMode #7 |« | »

16 : Ty - Actual number of working Walves 2 ;I
1 E taximal Walwe Lift Lv. mm
IS0 il + iy S iy
IS ¥ 1 Pd3_ Pds Diagram of rated Valse Lift
£ 81--F 'i' -I__ -.- 3= ; 1T 17 [] Asymmetrical diagram
§ 4 l- ___i___d _%_%_ 1 Opening (1) Closing (2)
E E E 4 “alwe Opening (on the line 1). deg. B DC
u}

-20 B0 140 220 300 | walve Closing {on the main line 2). deg.
. ADC

[] Control of Wakwe Dwell (at lines 3-4)

2 Help | o Print | # OK | > cancel

Figure 4.3 exhaust valve timing from software Diesel RK
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@ Fuel Injection System, Combustion Chamber

General Parameters  NOx Emission

Method of mixture preparation
(O Carburetian or Injection into Intake Manifald
O Injection into Intake Port

(® Direct Injection

Setignition timing in Operation Mode table.

Combustion parameters

| Mode #1 Mode #2 Mode #3 Mode #4 Mode #5 Mode #6 Maode? 4

(3

Supplied Fuel Petral regular

<

Setting of Wiebe's parameters of combustion

O Specify Wiebe's parameters explicitly

(® Recalculate Wiebe's parameters using Woschni's formulas

Combustion duration, Phi_z, [CA] (40 .. 60)

Wiebe's combustion parameter, m_v (2 ... 4) 5

Factor of Davaud-Eyzat Formula for calculation of Octane Number of Fuel
for combustion without knock

(%] o
|j| . |

Specific Heat of Dissociation at change of temperature from 1000 up to 2500 K

- at Air Fuel Equivalence Ratio = 0.7

ra

oo

- at Air Fuel Equivalence Ratio = 1.0

Gasoline Pressure, [bar]

110 2
Injector Effective Flow Area, [mm2] 0.3 ﬂ

2/ Help | <2 Print | o OK | xCancel|

Figure 4.4 fuel injection system

Then select the turbo charger dimension and specification of the single water-cooled
turbocharger that was integrated with the exhaust manifold into a single unit which
see in figure 4.5 and 4.6 which contain turbine and compressor specification.

33




@ Compressaor [of High Pressure Stage] - s

Compressor Design
@® Radial Flow Compressor

(O Slading Vanes Campressar (Calculation using design parameters)

~WWay of Calculation of Compressor Discharge Parameters

® Use Fixed parameters

O Use Compressor Map

~Way of Calculation of Compressor Discharge Parameters
O Set Explicithy

(® Calculate on Presure Ratio

Set compressor parameters in Operating Mode table

2 Help 24 Print 4 OK X Cancel |

Figure 4.5 Turbocharger compressor specification

ﬁ Turbine [of High Pressure Stage] - X

~Way of Calculation of Turbine

® Use Integral Parameters of turbine

O Use Turbine Map imported from textfile

~Way of Calculation of Mean Turbine Inlet Pressure

O Set Explicitly
(O Calculate on Presure Ratio

(® Calculate on Power Balance between Turbine and Compressor

Setfirst approach of pressure before tuthine in Operating Mode table

~Turbine Design
O Axial-Flow Turbine ® Radial inflow Turbine
W
< >
2 Help 2 Print J OK X Cancel |

Figure 4.6 Turbocharger turbine specification
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Select operating mode window and fill operating engine speed from 800 to 6000 rpm,
pressure ratio, gasoline injection timing, ambient temperature and pressure and
ignition timing all that show in Figure 4.7.

ﬁ Operating Mode - 0 X
Way of I-Cylinder Process Simulation Emvronment parameters A
(O Specity Cycle Fuel Mass, [g] @ Setexplicity
® Specify AJF equivalence Ratia in Cylinder () Calculate using vehicle velocity and alfiude above sea level
Losses of pressure before compressor Losses of pressure after furbine
® Setexplicity (O Set explicity
(O Caleulats on pressure rafio in inlet device (®) Calculate on pressure rafio in exhaust devics (silencer, etc)

HP stage turbine setings HP stage compressor seftings

[#1 [0 rpm | [# D00pn |

[#2 5200 o | |# tomn |

[ 001pm | [# [0pm |

[#4 [s5001pm | |8 0mn |

|#5 |34[]I] (Wl | ’—{#10‘8["] fpm |

|

Mode of Performance (#1 = Full Load) M# i (M (MK (M8 | M | M8 | i | M8 | M#o

Engine Speed, [rom] 6000 5200 4500 3900 3400 2800 2200 1700 1200 gl

Air Fugl Equivalence Rafio in the Cylinder 110 1 107 104 14 104 103 10 106

Injection/ Ignition Timing, [deg BTDC] S TE NC | RO B T A L B K

Ambient Pressure, [oar] 095 0% 095 085 0% 095 0% 0% 0% 0%

Anbient Tempersture, [ 00300 00 300 W0 00 300 00 300 300

Inlet Pressure Losses (before compressor), (oar] (02 002 obe 00z 0b2 0o 002 oo 002 002

Tatal Pressure Recovery Coeficient of Exhaust System 0% 0% 0% 0% 0% 0% 0% (0% 0% (0%

Cornpressor Pressure Ratio (HP Stage) 2821 2827 2786 2Me 253 2341 2183 2026 1828 134

Compressor Adiahatic Eficiency (HP Stage) 0665 0B85 0635 0665 0685 0665 (0665 (065 0G5 0GG5

Fraction of the Exhaust Gasflow By-passed hefare Turbine 0 0 0 0 0 0 0 0 0 0

Fraction of the Airflow By-passed after Compressor into atmosphere(0 0 0 0 0 0 0 0 I 0

Averae Total Turbing lletPressure (HPSH) (orfirstappr) (o 2 2 2 2 2 2 2 2 2 2

Turbocharger Eficiency (HP Stage) 05 05 05 05 05 05 05 05 05 05

Gasoline Injgction Timing, [deg B.70C) LI V. R Vi O P VTN Vi SR 4 B V. S VAT 4 v

2/ Help | 3 Print ‘ f OK X Cancel |

Figure 4.7 Operating mode
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After inputting these values, the software runs a simulation. After successful
simulation, results for different parameters are obtained. By taking into account the
results obtained graphs are plotted for different compression ratios which are as
follows

1. Brake Torque VS Engine Speed

Brake Mean Effective Pressure VS Engine Speed
Specific Fuel Consumption VS Engine Speed

Piston Engine Power VS Engine Speed

Indicated Mean Effective Pressure VS Engine Speed
Cylinder Pressure VS Crank Angle

Cylinder Temperature VS Crank Angle

No ok~ wd
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Chapter 5: Results

5.1 Result

5.2 Comparison between our study and Literature reviews

5.3 Percentage error between actual torque and power and
simulation torque and power

5.4 Conclusion
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Brake Torque(N .m)

5.1 Result

After successful simulation results are obtained for different parameters such as
Indicated mean effective pressure (IMEP), Brake mean effective pressure (BMEP),
Brake torque, Specific fuel consumption (SFC), piston engine power, cylinder
pressure and cylinder temperature.

These results are then plotted into graphs against the engine speed& crank angle. The
graphs show variations of parameters with engine speed at different compression
ratios. These graphs help in determining at which compression ratio the engine works
best for the different parameters. A value is then selected at which all these
Parameters are at their highest and lowest.

1. Brake torque

Engine speed vs brake torque

350

300

250 ——CR125
CR11.5
200 CR10.5
CR9.5
150 CR 8.5
100
0 1000 2000 3000 4000 5000 6000 7000

Engine Speed(rev/min)

Figure 5.1 Variation of Brake torque with Compression Ratio for different engine speeds.

The figure 5.1 shows brake torque increases as the compression ratio increases until
reash maximum after that decrease at higher speeds it becomes more difficult to
ingest a full charge of air. Increase in compression ratio induces greater turning effect
on the cylinder crank. That means that the engine is giving more push on the piston,
and more torque is generated. The highest Brake torque was recorded for the
compression ratio 12.5 while the least was for 8.5.
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Piston Engine Power (kW )

180

160

140

120

100

80

60

40

20

2. Piston engine power

Engine Speed VS Piston Engine Power

0 1000

2000

3000 4000
Engine Speed(rev/min)

5000

6000

7000

—CR 12.5
CR11.5
CR10.5
CR9.5

—CR 8.5

Figure 5.2 Variation of Piston engine power with Compression Ratio for different engine speeds.

The figure 5.2 shows piston engine power increases as the compression ratio and
engine speed increases. This is due to the increase in compression ratio increases the
peak pressure and temperature produce a greater force acting through a large part of
the power stroke and hence, increase the power output of the engine. The highest
Piston engine power was recorded for the compression ratio 12.5 while the least was
for 8.5.
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3. Brake Mean Effective Pressure (BMEP)

Engin speed vs Brake Mean Effective Pressure

215
-
§ 19.5
()]
—
2 175
(%]
()]
—
% ——CR12.5
'g 15.5 .
3] CR11.5
£ 135
ol CR10.5
©
CR9.5

§ 11.5
> ———CR 8.5
v
© 95
[an]

7.5

0 1000 2000 3000 4000 5000 6000 7000

Engine speed(rev/min)

Figure 5.3 Variation of Brake mean effective pressure with Compression Ratio for different engine
speeds.

The figure 5.3 shows Brake Mean Effective Pressures were found to be increasing
with the increase in engine speed until reach at beak value after that goas to decrease
and increase with the compression ratio increase its due to reduces the clearance
volume and therefore increases pressure and temperature and the total combustion
duration is reduced. The highest Indicative Mean Effective Pressures was recorded for
the compression ratio 12.5 while the least was for 8.5.
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Indicated Mean Effective Pressure(bar)

4. Indicated Mean Effective Pressure (IMEP)

Engine speed vs Indicated Mean Effective Pressure

26
24
22
20
18 —CR 12.5
CR11.5
16
CR10.5
14 CR9.5
10

(o]

0 1000 2000 3000 4000 5000 6000 7000
Engine Speed(rev/min)

Figure 5.4 Variation of Indicated Mean Effective Pressure with Compression Ratio for different engine
speeds.

The figure 5.4 shows Indicated Mean Effective Pressures were found to be increasing
with the increase in engine speed until reach at beak value after that goas to decrease
and increase with the compression ratio increase. The highest Indicative Mean
Effective Pressures was recorded for the compression ratio 12.5 while the least was
for 8.5.
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5. Specific Fuel Consumption (SFC)

Engine Speed VS Specific Fuel Consumption
0.43

0.41

0.39

0.37

0.35 —CR 12.5
0.33 CR11.5
0.31 CR10.5
0.29 CR9.5

0.27 ——CR 8.5

0.25

Specific Fuel Consumption(kg/kWh )

0.23
0 1000 2000 3000 4000 5000 6000 7000

Engine Speed( rev/min)

Fig 5.5 Variation of Specific Fuel Consumption with Compression Ratio for different engine speeds.

The figure 5.6 shows Specific fuel consumption decrease as the compression ratio
increases due to increase combustion temperature also increases resulting in better
combustion, As a result, the thermal efficiency rises .spicific fuel consumption
increase with increase engin speed This is due to the increased friction(At lower
speeds spicific fuel consumption the increases due to increased time for heat losses
from the gas to the cylinder and piston wall). The highest spicific fuel consumption
was recorded for the compression ratio 8.5 while the least was for 12.5.
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Cylinder Pressure (bar)

Cylinder pressure (bar)

80

70

60

50

40

30

20

10

80

70

60

50

40

30

20

10

6. Cylinder pressure

Crank Angle vs Cylinder Pressure

——CR8S5
——CR9.5
——CR10.5
CR11.5
——CR125
0 100 200 300 400 500 600 700 800 900 1000
Crank Angle(deg)
Figure 5.6 Variation of cylinder pressure with compression ratio for different crank angle.
Crank angle VS Cylinder pressure
——CR85
——CR9.5
——CR10.5
CR11.5
——CR12.5
230 280 330 380 430 480 530 580

Crank angle (deg)

Figure 5.7 Variation of cylinder pressure with compression ratio for different crank angle.
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7. Cylinder Temperature (average)

Crank Angle VS Cylinder Temperature (average)

2750

——CR12.5
——CR11.5
CR(10.5)
CR9.5
750 ——CR85

250
0 100 200 300 400 500 600 700 800 900 1000

N
N
(%)
o

=
~
(%2
o

=
N
(%)
o

Cylinder Temperature (average)(K)

Crank Angle(deg)

Figure 5.8 Variation of Cylinder Temperature (average)with compression ratio for different crank
angle.

Crank Angle VS Cylinder Temperature (average)

2500

2300

2100
1900
1700 ——CR12.5

——CR11.5
1500

CR(10.5)
1300 CR9.5
1100 = CR 8.5
900 J

700
350 370 390 410 430 450 470 490 510 530 550

Cylinder tempreture(avarge)(k)

Crank angle(deg)

Figure 5.9 Variation of Cylinder Temperature (average)with compression ratio for different crank
angle.

Both figure 5.7 & figure 5.9 shows an Increased compression ratio reduces the clearance volume
and therefore increases the density of the cylinder gases during burning. increases the peak pressure
and temperature and the total combustion duration is reduced. The highest pressure and temperature
s was recorded for the compression ratio 12.5 while the least was for 8.5
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5.2 Comparison between our study and Literature reviews

A comparison between our study and Literature reviews. The comparison was made based on
the results obtained within this project and the results that they obtained within their studies.

The first study:

The Effect of Compression Ratio upon the Performance and Emission of spark ignition
engine (Mohammed Kadhim Allawi) 2016.

The research evaluates the Effect of Compression Ratio upon the Performance and Emission
like as Brake Thermal Efficiency, Brake specific fuel consumption, HC & CO emissions in
the exhaust gases.

increase in compression ratio on the variable compression ratio engine increases the brake
thermal efficiency. increase in compression ratio on the variable compression ratio engine
decreases the emission CO, HC and Brake specific fuel consumption. [4]

The second study:

Influence of compression ratio on the performance characteristics of a spark ignition
engine (Aina T., Folayan C. O. and Pam G. Y.) 2012.

The research evaluates the Effect of Compression Ratio upon the Performance and
efficiencies like as brake power, brake thermal efficiency, brake mean effective pressure and
specific fuel consumption.

Increase in compression ratio on the Ricardo variable compression ratio engine increases the
brake power such as the figure 5.10, brake thermal efficiency, brake mean effective pressure,
and reduction in the specific fuel consumption. [16]

5.2F ' ' ' ' ' ' ' i
5[ i
4.8}
4.6}

E‘ a.4f

= 4.2} ]
g al :
3.8} .
@ 36l ]
3.4} .
3.2F —=—N=1300rpm —-—-m-=-N =1500rpm ]

3 —+—N-= 1400rpm —0o—N =1600rpm
2.8 .

5 5.5 6 6.5 7 7.5 8 8.5 9 9.5
Compression ratio

Figure 5.10 Variation of brake power with compression ratio. [16]
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Our project:

The effect of variable compression ratio on the performance parameters of a
gasoline engine.

Our study evaluates the Effect of Compression Ratio upon the performance
parameters such as Indicated mean effective pressure (IMEP), Brake mean effective
pressure (BMEP), Brake torque, Specific fuel consumption (SFC), piston engine
power, cylinder pressure and cylinder temperature(average).

Increase in compression ratio cause increase in Indicated mean effective pressure
(IMEP), Brake mean effective pressure (BMEP), Brake torque, piston engine power
in figure 4.11, cylinder pressure and cylinder temperature(average)and reduction in
the specific fuel consumption.

Piston Engine Power (kW )

Engine Speed VS Piston Engine Power

180
160
140
120
100 CR125

CR1L5
80 CR10.5
CR9.5

60
—CR85

40

20

0 1000 2000 3000 4000 5000 6000 7000
Engine Speed(rev/min)

Figure 5.11 Variation of engine power with Compression Ratio for different engine speeds.
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5.3 Percentage error between actual torque and power and simulation torque
and power.

To ensure the accuracy of the results given by the software that used (diesel rk ),
calculated the percentage error between actual torque and power and simulation
torque and power, that show in table 5.1.

Table 5.1 percentage error between actual torque and power and simulation torque and power

engine | actual | simulation | percent actual | simulation | percent
speed | torque torque error (T) | power power error (P)
6000 240 235.00 2.083 147 147.64 0.435
5200 275 270.12 1.775 147 147.08 0.054
4500 280 283.23 1.154 130 133.46 2.662
3900 280 281.30 0.464 117 114.88 1.812
3400 280 275.55 1.589 100 98.10 1.898
2900 280 274.82 1.850 84 83.45 0.650
2200 280 265.10 5.321 62 61.07 1.500
1700 260 251.23 3.373 50 44.72 10.556
1200 200 230.73 15.365 20 28.99 44.960

Simulate the power and torque at compression ratio 10.5 and comparison between
actual torque and power in figure 5.12 and simulation torque and power in figure 5.13
and from the attached table 5.1 that the percentage error between actual torque and
power and simulation torque and power is small, and this indicates the validity and
accuracy of the software diesel RK.
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Torque Output
[Nm] (kW]
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Figure 5.12 Actual engine power & torque vs engine speed (CR 10.5) [12]
TORQUE & POWER VS ENGINE SPEED
300 160
140
250
120
s 200 00 =
z g
8 150 80 g
< g —torque
'9 100 0 o E— DOWeEr
40
50
20
0 0
0 1000 2000 3000 4000 5000 6000 7000

Engine Speed(rev/min)

Figure 5.13 Simulation engine power & torque vs engine speed (CR 10.5)
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5.4 Conclusion

Following conclusions can be drawn from the simulate diesel RK software carried out
on the IC engine with gasoline at various compression ratios.

Increase in compression ratio cause increase in Indicated mean effective pressure
(IMEP), Brake mean effective pressure (BMEP), Brake torque, piston engine power,
cylinder pressure and cylinder temperature(average)and reduction in the specific fuel
consumption.

The percentage error between actual torque and power and simulation torque and
power is small, and this indicates the validity and accuracy of the software diesel RK.

Engine with variable compression ratio is needed so that the compression ratio of the
engine can be changed according to different load and speed conditions. VCR engines
proved in increasing the engine performance with also proved in improving the fuel
economy.
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