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ABSTRACT

This thesis is a study conducted in collaboration with the engine performance group at
Husqgvarna AB. The study focuses on engine stability of smaller two stroke handheld engines
running on E10 (10% ethanol mixture in gasoline). The reason for the study is the new EU
proposition that by 2020 all fuel must have 10 % renewable fuel content. To meet this
proposition Husqvarna has evaluated E10 and found that the engine stability of smaller two
stroke engines are affected in a negative way by the fuel.

The study focuses on events occurring prior to the combustion and mainly the carburetor. The
objective for the thesis is to seek what contribution the events occurring prior to the
combustion have to the engine stability and find simple and implantable solution to improve
the stability with regards to the carburetor.

The study has been conducted in three different work packages, system understanding to build
knowledge of how the carburetor operates, fault finding to seek potential attributes that can
affect the stability and fault mode analysis to seek why the attributes affect the stability.
Furthermore, all the attributes found has been tested and validated on the engine to seek their
contribution to the stability.

The conclusion made of the thesis is that with simple and implementable improvements of the
carburetor the engine stability could be increased with 40 %. A total of five different
attributes were found to affect the stability of the engine. Furthermore, a very detailed
explanation of how the carburetor operates and components inside the carburetor has been
established during the thesis.
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Equation 1Equation of fuel tank underpressure phenomenon
Equation 2 Bernoulli’s equation
Equation 3 Reynolds number

Terminology

Fuel In this thesis fuel is used when talking about fuel in general for this
thesis it could be gasoline, ethanol or gasoline ethanol mixture
Gasoline During this thesis gasoline is 95 octane gasoline
E10 E10 is 95 octane gasoline mixed with 10 % ethanol
CFD Computational fluid dynamics
CAD Computer aided design
.Sstep A CAD file format
Mathematica Calculation program
RPS Rounds per second
Lean When the engine is running on to low fuel compared to air
Rich When the engine is running on to much fuel compared to air
Dynamo A machine used to measure power output from engines
HC Carbon hydrates
NOX Nitrogen dioxide
Co Carbon monoxide
Co, Carbon dioxide

Maximum power
speed

The engine speed where the engine generates maximum power output

Maximum engine
speed

The maximum speed that the engine can reach
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1 INTRODUCTION

In handheld petrol powered products two stoke engines are very common, mainly for their
simplicity and light weight. A disadvantage of a two stoke engine is the emission rate,
manufactures of two-stroke engines works very active to lower the emissions produced by the
engines. The major downsides of the emission on two-stroke engines are that they use oil in
the fuel for lubrication and flush un-combusted fuel through the engine.

This thesis is a study about the engine stability of smaller two-stroke handheld engines, the
specific engine of the study is a 40 cc engine running on the biofuel E10 (10% ethanol
mixture in the gasoline). During this thesis the engine stability is defined as the variation of
the Co and Co? levels leaving the exhausts system. The study focuses on events occurring
prior the combustion and mainly on the carburetor. The objective of the thesis is to find
simple and implementable solutions to a carburetor for increased engine stability.

1. Presentation of the client

The thesis is conducted at Husqvarna AB a company owned by Husqvarna Group, Husqvarna
Group is a large company with more than 13000 employees. The company have a wide range
of products such as auto movers, riders, electric powered chain saws and brush cutters, their
main turnover is from the hand-held petrol powered equipment such as brush cutters, hedge
trimmers and chain saws.

There is a proposition in EU that by 2020 all fuel should have at least 10% renewable fuel
content (EU, 2017). A suited renewable fuel to fit a two-stroke engine is E10, since ethanol is
produced by bio materials it is a more environmental friendly fuel than gasoline.

To meet the new EU proposition Husgvarna has evaluated E10 compared to gasoline. The
findings where that smaller two-stroke engines stability seems to be affected in a negative
way by the ethanol mixture.

If the engine is unstable the performance of the engine will be affected, mainly due to loss of
power. Other important aspects are that the operating temperature of the engine will increase,
this will shorten the life span of the engine as well as increasing the emissions of the engine.
In the article Experimental investigation of exhaust temperature and delivery ratio effect on
emissions and performance of a gasoline-ethanol two-stroke engine (Ghazikhani, Hatami,
Safari, & Ganji, 2014) a study of the temperature effect with regards to the emission rate was
conducted. The conclusion of the study was that a lower operating temperature of the engine
produces less emissions. Thereby if stability is increased the operating temperature is
decreased and lowering the emissions produced by the engine.

1.2 Engine stability

The stability of an engine can be measured in different ways, one way is to measure the
pressure inside the combustion chamber between the cycles. Another one is to analyze the
content of the exhausts to estimate how the air to fuel ratio was during the combustion.
Stability during this study is defined as the variation of the Co and Co? levels leaving the
exhaust system. The Co and Co? level will be measured by a portable emission analyzer that
measure both Co and Co? levels in the mixture that leaves the exhaust system. The
measurement of the stability is then the standard deviation of the Co/Co? when the engine is
running on maximum power speed and the cylinder top temperature has stagnated.



1.3 Aim of the study

Seek a system understanding of how the stability can be affected by events occurring prior to
the combustion. The main objective is to study the carburetors contribution to the stability, yet
not limited to only the carburetor.

This will be conducted by establish a structured way of investigating the events occurring
prior to the combustion and their affection of the stability. With the gained knowledge of the
events contribution to the engine stability, present simple implementable product
improvements of the carburetor.

1.3.1 Research questions
e What contribution does the events occurring prior to the combustion have to the
engine stability?
e Can simple modifications to an already designed carburetor increase the engine
stability?

1.3.2 Work structure for the thesis

The thesis can be broken down into three different work packages each, following in
sequence, they will eventually produce the suggested product improvement. The three
packages are system understanding, fault mode finding and fault mode analysis. A deeper
presentation of the different work packages can be found under chapter 2 methods.

Fault mode
analysis

Sytem
understanding

» Fault mode finding

Suggested product
improvment

Figure 1 Work flow during the thesis

1.3 Limitations

The project does not focus on any events during the combustion or post the combustion.
The mission system of the thesis is the carburetor, the systems that will be examined is all
systems in contact with fuel prior to the combustion. The product improvement that will be
delivered is only with regards to the carburetors function.

The examined carburetor is already designed and the manufacturing tools are in place.
Thereby a product improvement is a more effective, sustainable and economical than redesign
the complete carburetor and manufacture new tools. This leaves the study to only focus on
easy implantable product improvements. There will be no complete evaluation of the risk,
manufacturability and trade off presented during the thesis, this work will be conducted by
Husgvarna AB. Although all the presented improvements must be manufacturable and not
harming the carburetors quality or performance.



1.4 Study environment

The thesis is conducted at site at Husqvarna AB product and engine laboratory. The hosting
group under the thesis is called engine performance group, they are responsible for the engine
performance in aspect of drivability. The group works closely with the complete R&D
organization.

During the study a wide range of equipment in the laboratory has been used such as emission
analyzers, dynamos, pressure measurement equipment and a wide range of other analyzing
equipment’s. Furthermore the calculation program Mathematica has been used to make some
calculations during the thesis.

2 METHOD

During this chapter methods that can be applied during the three different work packages will
be presented and discussed, as well as the content for each work package.

During heading 2.4 chosen methodology the chosen methods for each work packages will be
presented

2.1 System understanding

The main objective during this work package of the thesis is to gain knowledge of how the
complete engine operates and especially the systems prior to the combustion. The analysis
should briefly cover the complete engine function but with focus drawn to events prior the
combustion. The reason of including the complete engine is to not miss any important
relationships between the sub systems, this was a recommendation from the hosting group.
Since the engine is a complex system there is a need to find a structured way of analyzing the
system. With the amount of components and functions that is involved in the events occurring
prior to the combustion there is a need for the method to be compatible with multi system
analysis.

System engineering

An engine is a complex system with a lot of sub system affecting the performance of the
engine. These types of problems are often solved with system engineering, a definition of
system engineering can be “A logical sequence of activities and decisions that transforms an
operational need into a description of system performance parameters and a preferred system
configuration”. Since system engineering is a multi-disciplined engineering most of the
literature is written in a more common manner to give the reader more flexibility with the
implementation. The system engineering is most commonly found in computer science but is
used in a range of other branches as well. (Wasson, 2016)

Abstraction level system

When investigating a system that involves multiple systems the need to define what system
that are of interest and the ones that are not is crucial. This could be executed by working with
different levels of abstraction when gaining knowledge about the system. In chapter 8 of the
book System engineering analysis, design and development by Charles S. Wasson a method
of defining abstraction levels in complex system is presented (Wasson, 2016). The model is
based on briefly defining the complete system, then the sub systems of the complete system.
After that focus is drawn to the system of interest. In cases where the system of interest
involves more than one system a mission system can be defined. When defining the hierarchy
of the different system it is easier to see where to put the focus.



When having the complete system defined although in a more indefinite manner the relations
to other systems becomes more visual and thereby clearer. By working with an abstraction
levels system, the risk of missing relations between system is minimized.

System mapping

The method of system mapping is often found in management and in computer science. The
method is based on visually mapping a system, often conducted with influences of basic flow
charts. The difference between system mapping and a flow chart is that the system mapping
could involve, both logical gates and more complex relationships.

The method is very helpful in abstract system but can be tricky to implement in systems
where a lot of different sub systems is used. (Boulanger, 2014)

Reversed engineering

The method of reversed engineering is to disassemble a product into its components and seek
the function of each component. After the function has been established the next step is to
seek the relations between the components. When conducting a reversed engineering of a
product, a deeper understanding of the product is gained. In the book The mechanical design
process by (Ullman, 2010), templates for reverse engineering structure is presented. The
template is built to, in a structured way communicate the function of a product to a reader. It
also generates space for a graphical presentation of the examined system.

Function analysis

The function analysis method is similar to the reversed engineering method, but not as defined
as the reversed engineering method. The function analysis focuses more of the function
needed of the component than the actual function of the component. The method gives the
user a more undefined function of the component compared to a reversed engineering. This
type of analysis is often used in product development, where some abstraction often is needed
to not harm innovation. (Ullman, 2010)

2.2 Fault finding methods

The main purpose during this work packages of the thesis is to seek what attributes that could
affect the stability of the engine. To seek attributes that affect the stability of the engine in a
organized way, some type of structured investigation method is needed. Many off the
structured investigation methods are collected from the field quality control or TQM (total
quality management) (Andersen & Fagerhaug, 2006). The main objective is to build a
structure of possible attributes that could affect the stability.

Since there will be a couple of sub systems, the method needs to be compatible with more
than one system.

The data for the analysis will mainly be collected by interviewing engineers at Husqvarna AB
and by analyzing the function of the system.

Fault tree analysis

Fault tree analysis was developed by the Bells telephone laboratories in 1962, ever since it has
been used and improved. Today it assists many different engineering areas such as
mechanical, system and electrical. The analysis is based on a tree structure where a cause or
fail mode is presented in the top.

Then it follows with undeveloped events that could cause the problem, the undeveloped
events should not be the final cause of the problem.



To define the true attribute that can cause the problem a basic event is used.

This is then presented in a tree where the top events is presented in the top of the tree and then
branches out to the undeveloped events to be finalized with basic events. This structure is
taken from NASA and is presented at their webpage (Bill, 2017).

To further develop a fault tree logical gates can be applied to the tree to indicate the relations
between the basic events. This is presented on a deeper level in the book Handbook of
performability engineering chapter 48 (Krishna B, 2008).

Cause effect diagram

The cause effect diagram is often used when trying to seek a root cause to the problem. It is
based on a main problem and different causes that can lead the main problem. This method
gives a good graphical presentation of different causes and their relations to each other. The
method is commonly used in process optimizations cases such as SMED for example. (Evan
& Lindsay, 2014)

5 Why

5 why is a method to seek the root cause of a fault that has occurred. The method is based on
asking why five or more times to seek the underlaying aspects of the problem. The method is
widely used in quality management and root cause analysis. The method is suitable if a deeper
understanding of a problem is needed. (Andersen & Fagerhaug, 2006)

Interviews

A way to collect data and seek understanding of problems related to the engine stability is to
interview engineers on site at Husqvarna AB. Interviews can be conducted in multiple
different ways, structured, semi structured and investigative are just a few.

The task of interviewing engineers is to seek a deeper understanding and thereby semi
structured is most likely the proper technique. This is due to the fact that the outcome of the
interview is hard to estimate, making it difficult to have a complete defined structure of the
interview to follow. One crucial aspect of a semi structured interview is to not ask any leading
questions, instead trying to have them as open as possible. (Andersen & Fagerhaug, 2006)

2.3 Fault mode analysis

During this work package the objective is to establish a theoretical foundation of each basic
event. At first the basic events will be examined theoretically to seek why they can affect the
stability. This will be executed with basic fluid calculations or with reasoning on a theoretical
basis. To further investigate the contribution, prototypes of the theoretical findings will be
built and tested to seek their contribution to the engine stability.

Formulas and fluid mechanics theory will be collected from literature, the measurements of
stability of the prototypes will be evaluated by the method presented under heading 2.5
Definition of stability.

Basic flow calculations

Many complex problems can often be simplified to fit into one dimensional calculations and
models, this saves both time and effort. When calculating one dimensional problems the
resources and programs needed are very simple. The limitations of simpler one dimensional
calculations is visualization and the deeper understanding of turbulence. In one dimensional
calculations turbulence is often treated as a constant that only symbolizes loss off a turbulent
flow. (Young, Munson, Okisihi, & Huebsch, 2007)



CFD

CFD calculations is computer aided calculations of fluid mechanics, it can be both static and
dynamically calculated. In many CFD programs .step files can be implemented from a CAD
model to calculate flow around or inside the models. CFD models can visualize turbulence in
a graphical way and thereby give the user knowledge of how the turbulence evolves in
different areas.

When building CFD models the builder of the model needs to have very detailed information
of all the parameters that concern the model. This is often gathered by physically measuring
the model and the fluid. (Young, Munson, Okisihi, & Huebsch, 2007)

Benchmarking

Benchmarking is a method where other products are evaluated with regards to the examined
product. The objective is to seek how competitors which can be both internal and external has
chosen to solve a specific problem or function. A major part of the method is to evaluate how
the competitors has chosen to build their function, thereby collecting ideas and opportunities
during the evaluation. (Ullman, 2010)

2.4 Chosen methodology

2.4.1 System understanding

To seek the system understanding the abstraction levels system presented above will be used.
This will generate a good graphical view of how the examined system relates to the complete
engine. It will also generate space for a brief introduction to the function of a two-stroke
engine. It will minimize the risk for missing crucial relationships between systems.

The core understanding of the system will be examined with the reversed engineering from
professor Ullmans book. Since the examined system contains over 20 different components it
will be divided into sub systems to give a more structured analysis. Furthermore, a system
map of the examined system will be established to visualize the flow of the fuel throughout
the system. This will simplify the work conducted during the fault finding work package of
the thesis.

2.4.2 Fault finding method

The main objective for the method during fault finding work package is to provide a
structured way to document the process. The chosen method for this part of the thesis is fault
tree analysis, it gives a more structured way of the different problems compared to cause
effect diagram. Another major benefit between cause effect diagram and fault tree analysis, is
the fault tree analysis is more compatible with multiple systems in one analysis. The data for
the analysis will be collected by interviewing engineers, evaluate the reversed engineering
documents the and system map.

2.4.3 Fault mode analysis

The different stability attributes established during the fault finding work package will be
theoretically examined with theory gathered from the book A brief introduction to fluid
mechanics (Young, Munson, Okisihi, & Huebsch, 2007). If calculation is needed the choice
will be one dimensional calculations since it will generate the results needed for the
evaluation. To further evaluate and validate the concepts, prototypes of the changes will be
built and evaluated on their contribution to the stability, this will be executed with the method
presented under heading 2.5 Definition of stability.



To further widen the span of ideas a benchmarking of a competitive carburetor will be
performed. The benchmarking will be performed with the reversed engineering presented
previously, and the main objective is to compare solutions between the two examined
carburetors.

2.5 Definition of stability

To define the Co/Co? levels a portable emission analyzer will be used, the producer of the
analyzer is Horiba and the specific analyzer used is a MEXA-584L. The analyzer measure
both the Co and Co? levels in percentage leaving the exhaust system. When dividing the Co
with the Co? a measurement of the air to fuel ratio during the combustion can be estimated.

The stability is then defined as the variation of the Co/Co? when running the engine at
maximum power speed. To give a comparable measurement of the stability the standard
deviation formula will be used over a time span of 200 s. The measuring will only be started
when cylinder top temperature stagnates.

If any stability is to be compared to another this is done on the same engine when the cylinder
temperatures has correlated.

Measurement uncertainties

When working the measurements of an engine, a lot of different parameters will affect the
outcome of the measurement. To secure as reliable measurements as possible a few actions
has been taken into consideration.

e The emission analyzer has been calibrated on the specified intervals supplied from the
vendor.

e All measurements that are compared to each other during the thesis is measured on the
same engine, minimizing the risk of engine parameters affecting the measurement.

e All measurements have been conducted in a controlled and ventilated room with a
temperature of 20 ° C, to prevent aspects of air density and temperature.

e The fuel used have never been stored in temperatures above 30° C, which will lead to
no evaporation of the fuel before the measuring.

e The engine has been serviced with intervals of every 3 hours of operating, to secure
aspects of piston ring sticking and wear effecting the measurement results.

3 THEORY

During this chapter of the thesis all the theoretical aspects of the study will be presented. It
starts with a short summary of the state-of-the-art literature used during the thesis and a brief
introduction of ethanol as fuel, then the chapter is divided into the three different work
packages presented during the previously chapter.

3.1 Summary of the literature study and state-of-the-art

Experimental investigation of exhaust temperature and delivery ratio effect on emissions and
performance of a gasoline-ethanol two-stroke engine.

The study is conducted at the Mashald University in Iran by the scientists Mohsen
Ghazikhani, Mohammad Hatami , Behrouz Safari and Davood Domiri Ganji. The objective of
the study was to seek how the emission and performance of a two-stroke engine is affected
when running on gasoline ethanol mixture compared to regular gasoline.



The conclusion of the study shows that the emissions can be lowered by up to 30 % when
evaluating the HC and Co levels. Furthermore, they found that the NOx emissions where
decreased with a lower exhaust temperature. They also found that there was a relationship
between how much ethanol mixture that was used and the exhaust temperature. The cause of
the decreased temperature where found to be a larger evaporation energy in ethanol compared
to gasoline.

National Measurment system Good practices quide to impulse lines for diffrential-pressure
flow meters

The institute behind the good practices is the national measurement system institute of United
Kingdom. The purpose of the organization is to provide UK with an infrastructure of
laboratories that deliver world-class measurement science and technology and to provide
traceable and increasingly accurate standards of measurement.

The practices is aimed to assist during measurements with pressure and flows within pipes
with pulsating flow. This is the same type of measurements that must be conducted to
investigate fuel and impulse pressure of a carburetor. The practices have multiple references
to different research projects within the area of fluid mechanics.

3.2 Biofuel E10

Ethanol is a fuel that is produced out of bio generated sources such as crops, wood, or food
waste. Ethanol is often divided into generation one and two where generation one is based on
crops and generation two is based on waste products. In a sustainability perspective
generation one affects the consumption of crops and thereby lowering the amount of
nutriment available on earth. Generation two, which is produced out of bio waste such as
wood or food waste will not harm the amount of nutriment available in the world, thereby a
more sustainable choice. Production of ethanol starts with generating glucose which later on
is fermented into a mash. The mash is then distilled to produce pure ethanol that can be used
as a supplement to gasoline.

Since ethanol is produced out of bio materials the Co, produced when combusting the ethanol
has already been consumed during the photosynthesis of the source to the glucose.

(Biofuels association of Australia, 2017)

There is not only the Co that is in the interest when evaluating the environmental aspects of
ethanol, both the level of HC and the NOXx levels are decreased when adding ethanol to
gasoline.

Since the ethanol molecule (CH; CH,OH) contains out of less carbon atoms than regular
gasoline (CgH;g) does, it will lower the HC content in the emissions. Furthermore, the energy
needed to evaporate ethanol compared to gasoline is larger it is more than double the energy
for ethanol (Young, Munson, Okisihi, & Huebsch, 2007). This will affect the operating
temperature of the engine and thereby decreasing the NOx created during the combustion.
Both the decreasing of carbon hydrates and the NOXx is presented in the article “Experimental
investigation of exhaust temperature and delivery ratio effect on emissions and performance
of a gasoline-ethanol two-stroke engine” where the scientists has conducted a study of
emissions with regards to ethanol mixture in the fuel of two-stroke engines.

(Ghazikhani, Hatami, Safari, & Ganji, 2014)



3.3 System understanding

3.3.1 Presentation of examined systems and mission system

Below in figure 2 the examined system is presented, the complete engine cycle, based on an
abstraction level system analysis. It is divided into 4 different levels of abstraction, starting on
level one, the most abstract level.

The system of interest in its relations to the complete engine cycle is presented as well as the
mission system for the thesis. Below figure 2 follows a shorter explanations of level one, two
and the mission system as well as a short summery of the reversed engineering conducted.
Since the examined carburetor consists of 22 different components it has been broken down
into four different sub systems to give a more structured analysis. Each sub system is
examined with reversed engineering gathered from professor Ullmans book and are presented
in appendix one to four.
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Figure 2 Complete engine cycle based on abstraction level system

Level 1 Basic function of the complete engine

A two-stroke engine completes the full engine cycle in one revolution, in figure 3 a simple
sketch of the cycle is presented.

As the inlet port is opened, air and fuel mixture is sucked into to the crank case through the
inlet port. Then the mixture is pushed into the transfer port where it is moved to the
combustion chamber. Slightly after it reaches the combustion chamber the sparkplug ignites
the mixture, creating an explosion that forces the piston down and opening the exhaust port.

Spark Plug

Exhaust Port

Inlet Port
Transfer Port

Figure 3 Two-stroke engine sketch



Level 2 Deeper understanding

When fuel is extracted from the carburetor it is mixed with air. The air to fuel ratio needed
depends on the engine and the operating speed of the engine. The carburetor has two different
circuits a low speed and a high speed. The low speed circuit is designed to feed the engine
with fuel when idling and or running on partly open throttle. When the throttle is wide open
the main circuit is active providing the engine with a larger amount of fuel.

As the piston is moving upwards an under-pressure inside the crank case occur. This will suck
air and fuel mixture from the intake by the inlet port to the crank case. The mixture will then
be pushed into the transfer port and then into the combustion chamber. Inside the combustion
chamber the mixture will be compressed by the movement of the piston, until the sparkplug
ignites the mixture. The explosion will force the piston down, opening the exhaust port for
extraction of the exhausts and restarting the engine cycle.

The duration of the cycle when the transfer port and exhaust port are open at the same time
will help the engine flushing away exhausts. This gives the engine more power and better
drivability but also larger emissions since un-combusted fuel is pushed out in the exhaust
system.

The length of the intake and the shape of the transfer port creates a lag between 2 up to 50
engine cycles from when fuel leaves the carburetor until it is inside the combustion chamber.

Level 3 Mission system

The mission system, the main objective of the thesis, is set to be the fuel tank and the
carburetor. This system has 22 different components which makes it hard to present it as one
single system. To make a more structured and communicative model of the system it has been
divided into four different sub systems.

The flow of the system is presented in figure 2 level 3, the mission system is limited as a
starting point when fuel is poured into the tank and ends when the air and fuel mixture leaves
the carburetor and goes into the intake.

For deeper understanding of each component inside the system see the summary under next
heading or reversed engineering documents provided in appendix one to four.

Level 4 Summary of reversed engineering

Fuel is stored in a sealed volume called the tank casing, with three different connections to the
other systems a fuel feed hose, a return hose from the primer and a pressure valve. Fuel is
extracted from the tank casing by the carburetor pump or by the user using the primer bulb.
The primer bulb is a pump that pumps fuel from the tank casing through the carburetor pump
and metering chamber back to the tank casing to fill the carburetor with fuel, when starting
the engine. The primer bulb is used by the operator of the engine. The pressure inside the tank
is regulated by a pressure valve.

For visual presentation of all the components inside the carburetor see figure 4.

The carburetor pump is based on a membrane pump driven by the impulse (compression and
decompression inside the crank case). The fuel is fed to a needle valve that regulates the fuel
level inside the metering chamber.

The metering chamber controls the fuel level with a membrane acting on the metering arm
that opens the needle valve. As the fuel level is decreased the membrane forces the metering
arm down to open the needle valve.
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Figure 4 Presentation of carburetor components

For visual presentation of the different work stages of the carburetor please see figure 5

The fuel control system is controlled by a valve opening and closing and thereby controlling
the fuel flow. The valve technic is called Autotune, the system optimizes the air to fuel ratio
inside the engine. Autotune feeds two different circuits with fuel, the high-speed circuit and
the low speed circuit. The low speed circuit consist of a back valve, idle hole and two partly
opened throttle holes. The idle hole feeds the engine with fuel when idling the engine and air
from hole 2 and 3, the two partly opened throttle holes feeds the engine with fuel on partly
open throttle. The main circuit becomes active when the throttle has moved away from hole
two and towards the main nozzle, during idle and partly opened throttle a back-valve locks the
fuel flow to the main circuit.

B A B Air B A

W Fuel W Fuel W el

[l Air/Fuel mixture W Air/Fuel mixture [l Air/Fuel mixture
g

o
(3 7y
“n,
&l

Idle Partly open throttle Wide open throttle

Figure 5 Different operating stages of a carburetor

3.3.2 System map

The system map was established to visualize the fuel flows path from the fuel tank to the
venturi of the carburetor. To further visualize how the fuel flows through the system it was
marked with red arrows. In figure 6 the system map of the missions system is presented
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Figure 6 System map of the mission system

3.3 Fault mode finding

The data for the fault tree is collected from three different sources; engineers at Husqvarna
AB, system mapping and the reversed engineering. To start the process, a brainstorming
session with the hosting group was arranged, with the goal to seek different undeveloped
events that could affect the stability of the engine.

With the undeveloped events declared the work of seeking basic events was started. This was
conducted by analyzing the reversed engineering documents and the system map of the
mission system.

During the analysis of basic events a wide range of different basic events were found, these
are presented in appendix six. This list of basic events were then brought to the hosting group
for discussion. During the discussion, some events where screened since they had already
been excluded previously be the hosting group.

With the basic events established, the fault tree could be constructed, the structure of the fault
tree is based on a document collected from NASAs webpage (Bill, 2017). The top event is
stated to be unsteady fuel flow to the engine, since this is the main contributor to stability,
when focusing on events prior to combustion. The structure of the fault tree is modified to suit
the four different sub systems presented during the system analysis.
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Figure 7 Fault mode analysis
During this chapter, a theoretical foundation of each basic event presented in figure 5 will be
established. Both the function and the possible fault mode will be investigated theoretically.
For some basic events calculations will be made to seek optimal function, for others,
measurements on the carburetor will be executed. All the presented basic events will be
evaluated and validated on the engine, in some cases by simply changing parts, and in other
by building complete prototype carburetors. This chapter is divided into the four different sub
systems.

Undevloped event

Turbulent flow

3.4.1 Fuel tank theory

Pressure valve

To control the pressure within the tank a pressure valve is fitted on the tank casing. The
pressure valve is a two-way valve opening for both underpressure and overpressure.
Possible fault modes of the pressure valve can be:

e does not open to underpressure
e opens at a too high or low overpressure.

If the pressure valve does not open for underpressure it will cause the engine to a stop. This is
due to that the carburetor pump extract fuel from the tank to the carburetor creating a pressure
drop. When the underpressure is larger or equal to the pressure that the pump can generate
there will be no fuel flow to the carburetor, hence the engine will stop.

_PTank casing = Pcarburator pump => No flOW Of fuel

Equation 1Equation of fuel tank underpressure phenomenon

If the pressure valve opens on a higher overpressure it can help the fuel flow of the pump. To
analyze this theoretically some assumptions has to be made. One that the fuel flow in the fuel
hose and the pump chamber entering hole have the same area. Two that the density stays the
same, hence does not change with regards to pressure or temperature. Three that engine is not
ran upside down, hence y; will always stay positive.
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If the area of the fuel hose and the pump chamber inlet is the same and the fuel flow is the
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Figure 8 Explaining picture of the model
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Equation 2 Bernoulli’s equation

same. The velocity will also have to be equal to each other.

Fuel flow = A+ P

+ Pgy,

Afuel hose ¥ V1 = Apumpchamber inlet ¥ V2 > V1 =1,

Since y, is the starting point it is equal to zero and since y; is stated to always be positive

during the examination it can be seen as a positive constant.

With these assumptions made we can now see that if P; is increased so is the fuel flow.

0

v )
P1+P'2 +%=Pz+p2 + Pgy;

Fuel evaporation

As fuel is heated it transforms from liquid state to gas state, this happens gradually during

P | Pressure
p | Density
v | Velocity
g | Gravity
y | Elevation

Table 1 Units of Bernoulli’s equation

heating of the liquid. This phenomenon is often presented in distillation curves, where the fuel
is gradually heated and the mass is measured. In figure 9 below the effect of adding ethanol to

gasoline is presented.

Figure 9 Distillation curve of ethanol gasoline mixture (JiaoQi, Youngchul, & Reitz, 2011)
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The graph is presented in the article Modeling the Influence of Molecular Interactionson by
(JiaoQi, Youngchul, & Reitz, 2011). As we can see from the graph there is no major change i
the intial boiling point of gasoline compared to E10. Althoug if the fuel is keept in
temperatures above 38 degrees the evaporation will start.

One possible fault mode can be fuel evaporation inside the tank during the time the engine is
running. Due to the compact lightweight design of the product the top of the cylinder and the
tank casing is close to each other. If the fuel evaporates inside the tank the pressure will be
raised to specified pressure on the pressure valve. In theory, this would increase the fuel
delivery of the carburetor pump. If there is a large evaporation of the fuel inside the tank the
fuels characteristics will change and this might affect the stability of the engine (JiaoQi,
Youngchul, & Reitz, 2011).

3.4.2 Carburetor pump theory

Lack of impulse

The impulse channel from the crank case to the carburetor pump has five different area
changes, two minor bends and one major bend, this could cause lower impulse to the
carburetor pump at some engine speeds. Due to the different volumes and lengths of the
channels some engine speeds/frequencies can be resonant and thereby not providing any
impulse signal to the carburetor pump. If the signal is weak it will harm the movement of the
membrane inside the carburetor pump and thereby decreasing the fuel flow generated by the
carburetor pump. When the fuel flow under the needle seat is lower than the engines fuel
consumption the stability of the engine will be heavily affected.

When calculating this kind of problems acoustic formulas is used, the calculations is based on
the speed of sound within the fluid or gas. A formula for this kind of calculations is presented
in the National Measurment system Good practices guide to impulse lines for diffrential-
pressure flow meters. The good practices is mentioned for pressure and flow meters but it is
about preventing resonance on pulses moving in pipes. To calulate the impulse resonant
frequency a lot of different parameters has to be measuerd, temperature within the different
channels, velocity of sound in the gas inside a channel and how the sharp bends affect the
system. (National Measurment System, 2017)

This would cause a very time consuming and diffcult processes to calulate.

Instead the impulse can be tested with a pressure gauge inside the impulse channel on the
carburator. The test should be runn on all different engine speeds to seek if the impulse is
affected in a negative way by some engine speed/frequency.

To make such an evaluation a pressureguage, with a high accurcy and high measurement
frequency is needed. Due to lack of space close to the carburator a hose for the presuregage is
needed. When adding more volume to the channel the pressure can be both decreased and
increased due to resonace on some frequencies. Since the engine has a large span of engine
speeds the frequencies that will be evaluated are from 130 rps to full speed around 230 rps.
To minimizie the risk of affecting the measurment results the length and diameter of the hoses
has to be minimized.

Lack of fuel delivery
If the impulse pressure becomes resonant in some frequency the carburetor pumps fuel
delivery capacity will be affected.
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To measure the fuel delivery to the metering chamber a pressure gauges can be placed under
the needle seat to seek if there are pressure drops. In theory the needed pressure just has to be
above zero all the time to feed the metering chamber with fuel.

Pressure peaks during an engine cycle

Since the pump is driven by the impulse signal that varies from around -200 mbar to up to 800
mbar the fuel delivery will also have pressure peaks. The pressure peaks could turn the flow
into a turbulent flow when opening the needle valve during a peak.

If the flow is turbulent inside the metering chamber the risk of vapor bubbles to occur is
larger. If the bubbles are sucked into the fuel control system it will harm the stability of the
engine. One way to even the pressure peaks of the fuel flow is to implement a hole in the
pump lid to the carburetor. When placing a hole over the needle chamber on the dry side it
will be atmospheric pressure below the membrane. In theory, this will lower the pressure
peaks and drops thereby creating a more steadier fuel flow to the metering chamber.

Figure 10 Hole in carburetor lid

Needle seat

One possible fault mode for the stability could be the size of the needle seat. As fuel travels
through the needle seat it will lose energy. The narrower the seat is the larger the energy loss
will be. With a narrower seat the velocity of the fuel will also increase, after leaving the seat
the fuel will be pushed against the needle.

Needle

Seat

Figure 11 Sketch over needle valve

A narrower needle seat could generate a more accurate fuel flow to the metering chamber
with an increased velocity and an increased energy loss. The benefits of a narrower needle
seat is a more precise volume but with a higher velocity, this might turn the flow turbulent.

A wider needle seat will deliver a less precise amount of fuel, but with a lower velocity and
energy loss. The lower velocity could help the stability of the engine since the delivered fuel
to the metering chamber will be more stable.

To evaluate the size of the needle seats affection of the stability, both a 0,7 mm needle seat
and a 1,2 mm needle seat will be compared to the already existing 1 mm needle seat.

The reason for the specified measures are the maximum and minimum provided by the
supplier.
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3.4.3 Metering chamber theory

Placing of takeoff hole

The takeoff hole is where fuel is extracted from the metering chamber to the fuel control
system. The takeoff hole’s placement in the metering chamber is in the middle of the
maximum and the lowest level inside the metering chamber. If fuel start to evaporate inside
the metering chamber, the evaporated fuel will rise to the top.

With the placement of the takeoff hole in the middle of the metering chamber, the fuel control
system is forced to suck all vapor at once when the vapor level meets the takeoff hole.

If vapor is sucked into the fuel control system the stability of the engine will be affected, the
engine will run very lean for some cycles until fuel is extracted again.

To prevent this from happening one solution could be to use two take off holes instead of one.
The idea of adding a new takeoff hole to the existing solution is to gradually extract vapor
into the fuel control system and thereby not chocking the engine if vapor is sucked in.

In figure 12 the placing of the new takeoff hole is presented.

Figure 12 Placing of second takeoff hole

Metering chamber geometry

In the metering chamber fuel flows from the needle valve to the takeoff hole, see the left part
of figure 13. The fuel flow on maximum power speed is around 800 grams of fuel per hour.
On the way to the takeoff hole, fuel passes through some sharp edges and abruptions.

This will cause a loss of energy and might even cause the flow to be turbulent. If turbulent
fuel flow is extracted to the fuel control system it will affect the stability in a negative way,
due risk of evaporation (gas bubbles).

To seek if the geometry of the metering chamber affects the stability of the engine a
carburetor with a modified metering chamber was built, the modification is shown in figure
13 on the right side

The objective of the modification of the metering chamber’s geometry is to lose as little
energy as possible, although yet manufacturable.

Figure 13 New metering chamber geometry

Metering spring

The stiffness of the metering spring will affect on which fuel level inside the metering
chamber the needle valve will open. A lower stiffness on the metering spring will lead to an
earlier opening of the needle valve with respect to the fuel level inside the metering chamber,

the opposite for a stiffer spring.
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A less stiffer spring could help to even the fuel flow between the needle valve and the
metering chamber. This would in theory increase the stability of the engine since the flow will
be steadier.

When idling the engine, the fuel consumption decreases drastically, this can cause problems
with a stiffer spring. The problem is that if the spring is too stiff the needle valve opens too
late, and the fuel control system might lack of fuel supply. The result of this is an oscillating
engine speed when idling, this harms the drivability of the product.

To seek the springs contribution to the stability both a softer spring and a stiffer spring will be
evaluated. Focus will be on the stability but an evaluation of the idle aspects of the engine will
also be considered, if the study shows a positive contribution to the stability.

3.4.4 Fuel control system theory

Channel size

Reynolds number

The size of the channel between the Autotune module and the main circuit is about 8,5 mm
long and has a diameter of 1,5 mm, with an abruption for the idle circuit and the main nozzle.
The fuel consumption of the engine at maximum power speed is around 800 grams of fuel per
hour. If the channel is assumed to be a pipe with no abruption for the idle circuit the flow
inside the channel can be calculated as well as the type of flow. The formulas needed are the
presented in appendix five.

Based on the calculation of the Reynolds number of the flow it is considered to be laminar
with a value of 43,6.

As shown in appendix five the Reynolds number can be described as following:

4%Q Q | Flow
Reynolds number = D | Diameter
D *m* Vkinematic viscosity . . . ;
V | kinematic viscosity

Equation 3 Reynolds number Table 2 Units of Reynolds number

Energy losses

To calculate the loss of energy in the system between the Autotune module and the main
nozzle a few assumptions has to be made. One that the idle circuit is fully closed when the
throttle is wide open. Two that the case is studied in a one-dimensional study with the center
plane in the center of the channel.
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Figure 14 Presentation of calculation model
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When calculating the energy loss of the system, it was found that the idle pocket acts as a
reservoir. This means that the area of the idle pocket is so much larger than the channels area,
if the area of the idle pocket change it will not affect the energy losses. The major loss of the
system is in between the area before the main nozzle and the side feed, A3 to A4 in the
picture above.

The reason for this is explained in the book A brief introduction to fluid mechanics, it is due
to change of direction of the fluid in certain areas (Young, Munson, Okisihi, & Huebsch,
2007). The narrower the channel is that is connected to reservoir the minor the energy losses
will be. This is due to the smaller area where the flow of the fluid is redirected. Below in
figure 15 a presentation of the phenomenon described in chapter 8 of the book A brief
introduction to fluid mechanics is presented.

7

Figure 15 Energy losses in contractions and openings

The calculations of energy losses within the system is presented in a summery at the end of
the chapter, for complete calculations refer to appendix five.

Since the energy inside the system can be described as the pressure times the flow, a loss in
energy will be a pressure drop since the flow is constant.

Side feed size

The calculations of the energy losses pointed to that the side feed size on the main nozzle with
regards to the channel also contributed to the energy losses.

This was also brought up during the startup process of the project that the side feed size often
affects the stability of the engine.

Side feed

To fit the required fuel consumption for each engine type, a side feed is used on the main
nozzle. The function of the side feed is to feed the engine with the correct amount of fuel
when the main circuit is active. The larger the bore of the engine the larger side feed is
needed.

Figure 16 Sketch over main nozzle components

Remote jet carburetor

Another design of a carburetor is a remote jet carburetor that is not explained in the reversed
engineering, since it is not applied to the examined carburetor. The remote jet carburetor
operates in the same function as the examined carburetor with one exception,
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the main nozzle has two openings and the side feed is moved to a jet between the idle circuit
and the main circuit. In figure 17 a graphical presentation of the carburetor is presented.

Figure 17 Explaining picture of remote jet solution

On previously designed carburetors at Husgvarna this design has increased the stability of the
engine. The examined carburetor presented in figure 17 uses two openings of 1,2 mm on the
main nozzle and a small remote jet of 0,7 mm to control the fuel.

A down side of the remote jet carburetor is that the fuel has to travel longer distances from the
Autotune to the main nozzle. This could harm the acceleration of the engine, since it will
create a longer channel and there by a greater lag between Autotune and the main nozzle. The
acceleration of the engine is a very fast sequence from idle around 50 rps to maximum engine
speed in around 600 ms.

Summary of energy calculations

There is some limitation to the side feed size and the channel size due to Autotune and the
manufacturability of the carburetor. On the existing design of the carburetor the side feed size
has to be around 0,6-0,7 mm. For the channel size the supplier of the carburetor has agreed to
manufacture the carburetor with as narrow channels as 1 mm. If they were to push the channel
to an even narrower size the quality and tolerance of the carburetor cannot be guaranteed.

With regards to the limitations of sizes on both the channel and the side feed, calculations
were made. The calculations are for the standard channel and the narrowest channel possible
combined with the largest and smallest side feed available.

Furthermore the remote jet carburetor setup was calculated with one side feed size of 1,2 mm.
Since the built analysis is a one-dimensional model, the contribution of two side feeds could
not be evaluated. Although calculating it with only one side feed, shows a large decrease of
the energy losses compared to a regular side feed sizes.

Channel size Side feed size Energy loss in Joule
1,5mm 0,6 0,006181

1,5 mm 0,7 0,005778

1 mm 0,6 0,0012021

1 mm 0,7 0,001144

1 mm 1,2 remote jet 0,0001355

Table 3 Summery of energy calculations

If we analyze table 3 we can see that the side feed size affects the energy loss but far from the
effect of change channel size. The decrease of energy loss between 0,6 side feed and 0,7 side

feed is just over 5 %. With this low energy loss, it will be hard to evaluate if it has any effect

of the engine stability. When evaluating the change of channel size the energy loss is

decreased with around 500 %.
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This is a major changeover in the energy loss and should be measurable. If evaluating a
remote jet with a 1,2 mm side feed, the energy loss would decrease with almost 900%
compared to the most optimal selection of channel and side feed size in table 3.

Length of the main nozzle
On the examined carburetor half of the main nozzles outlet is blocked by the venturi, see
explaining picture below.

Main nozzle

Intake side Air filter side

Figure 18 Sketch over main nozzle placement

The placing of the main nozzle might harm the stability of the engine, since the fuel extraction
from the nozzle could be harmed due to obstruction by the venturi wall. The placing can also
be very effective if there is a turbulence created around the main nozzle and thereby
extracting the fuel out of it. If that is the case the fuel will have a very good mixture with the
air and affecting the stability in a positive way.

One way to improve the stability of the engine could be to lower the main nozzle down into
the venturi. The reason is that the maximum flow speed is in the center of the venturi, so
moving the main nozzle down would create a better extraction of the fuel from the main
nozzle. A down side of moving the nozzle down in the venturi is that the cross-section area
decreases this could harm the power output of the engine.

Main nozzle

Intake side £V Air filter side

Figure 19 New placement of main nozzle

4 RESULTS

During this chapter, the results from the practical testing of the previously discussed
theoretical aspects are presented as well as the results from the benchmark. The layout of the
chapter starts with a presentation of the results of each sub system, later follows a discussion
of the presented result. At the end of the chapter the carburetor improvements are presented
and discussed. Where no contribution to the stability could be measured the results has been
screened to generate space for the interesting findings.

4.1Results from fault mode analysis

4.1.1 Fuel tank analysis results

Pressure valve

From the theoretical analysis, it was found that if the pressure increases so does the pump
function, if the valve does not open to underpressure the pump will eventually stop working.
To test if the pressure valve was a possible fault mode it was removed allowing the constant
atmospheric pressure within the tank.
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There was only a minor change in the stability of the engine with the pressure valve removed,
found during the warmup state of the engine. To be more precise it only affects the stability
during the first 15 seconds of operating time.

Operating temperature

To seek the maximum operating temperature of the tank when the engine is running, thermal
wires was placed on the fuel filter. The measuring was conducted during a stability
evaluation, the maximum temperature was 36 degrees after the load cycle, conf appendix one
page 2.

4.1.2 Carburetor pump analysis results

Results of impulse and fuel pressure

To measure the impulse and fuel pressure two Mesa EPB-C11_1B-/4LM pressure gauges an
amplifier and a digital oscilloscope was used. The pressure gauges measures pressure from -1
bar to +1 bar and with a measurement frequency of 5us. The digital oscilloscopes sampling
speed was set to 200 k samples per second and a sampling interval of 5ps.

Findings of the measuring

In the graph 1 the fuel pressure is plotted in orange and the impulse pressure in green.

The impulse pressure is linked to the pressure inside the crank case, during decompression it
reaches around -200 mbar and during compression it reaches around 700 mbar, measured at
170 rps. This drives the carburetor pump membrane up and down creating a pressure under
the needle valve. The pressure peak of the fuel flow has a lag of around 1,5 ms due the travel
length between the pump chamber and needle valve.

O -2053 mB 6833 mB 8545 mB
Oj2:11mB 4977 mB 2066 mB.

a ®
8636 8654 8672 8650 8708 8726 8744 8762 8780 8798 8816
ms =705 L1706 He

Graph 1 Impulse and fuel pressure at 170 rps

To further investigate the impulse and fuel pressure, the pressures was measured from 130 rps
to 230 rps. The results are presented in graph 2, the min and max levels of impulse pressure is
plotted in red, the min and max fuel pressure is plotted in dark blue and the average fuel
pressure in light blue.
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Graph 2 Impulse and fuel pressure during different engine speeds

Results of atmospheric pressure under needle chamber

To evaluate the solution, the engine was ran at maximum speed around 230 rps. At this speed
there is a spark elimination to limit the engine speed. As the sparks are eliminated the impulse
pressure decreases as well as the fuel pressure.

In graph 3 to the left is the standard solution where the lid acts as a sealed volume over the
needle chamber. In graph 3 to the right is the results if the needle chamber has atmospheric
pressure.

As we can see in graph 3 when atmospheric pressure to the needle chamber is applied the
pressure do not drop down during spark elimination.
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Graph 3 Presentation of atmospheric pressure under the needle seat

To further evaluate the contribution to stability on maximum power speed a carburetor with
and without a hole in the carburetor lid was evaluated. In graph 4 and table 3 the results of the
evaluation is presented.
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With and without hole in carburator lid
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Graph 4 Results of hole in carburetor lid

The sample for the standard deviation is taken between 300 and 500 seconds.

Type of lid Standard deviation
Without hole 0,05593324
With hole 0,04716122

Table 4 Results of carburetor lid

Results of needle seat

As stated in the theoretical analysis three different needle seat where evaluated a 0,7 mm,
1mm and 1,2 mm. The findings of the changing of needle seat where that they do not affect
the stability in any measurable way.

4.1.3 Metering chamber analysis results

Results of two takeoff holes
The evaluation of the second take off hole did not show to affect on the stability.

Metering spring

To evaluate the metering springs contribution to the stability three different springs where
evaluated. A standard of specifying the stiffness of the spring provided by the supplier where
the weight/force generated when compressed to 7,2 mm. The three different springs evaluated
was 22 gram, 29 gram and 32 gram. The examined carburetor operates with a 29 gram spring
in the current setup. There was a minor effect on the stability with regards to different
metering springs.

All the data presented in table 4 is collected from the same engine and carburetor, only the
metering spring has been changed. The data is compared with the standard deviation of the
Col/Co? variation as presented under heading 2.5 Definition of stability.

Weight | Variation of Co /Co?
229 0,060562
2949 0,054678
329 0,058734

Table 5 Results of spring stiffness
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Results of metering chamber geometry
During the analysis of the modified metering chamber no change of the stability was found.

4.1.4 Fuel control system analysis results

Results from channel size

During the theoretical analysis of the fuel control system calculation of a major decrease in
energy loss was presented. The energy loss was decreased by changing the diameter of the
channel between Autotune and the main nozzle from 1,5 mm to 1 mm. The saving in energy
loss was around 500 %.

To evaluate how this affect the stability small pieces of a 1,5x1 mm tube was fitted inside the
channel, decreasing the diameter to 1 mm. Below is a graph 5 the results is presented, the
carburetor with 1,5 mm is presented in green and the 1 mm in blue.
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Graph 5 Different channel sizes

To evaluate the stability, change a sample of the variation between 250 to 450 seconds was
evaluate. The outcome of the evaluation is presented in the table 6.

Type of carburetor Standard deviation
1,5 mm channel 0,044544

1 mm channel 0,035896
Table 6 Results of channel size

As we can see from table 6 thel mm channel carburetor generates a more stability.

Results from length of main nozzle

During the analysis of the fuel control system it was found that the placing of the main nozzle
might obstruct the fuel flow out of the main nozzle. To further analyze this a new main nozzle
was fitted that locates the main nozzle as presented in figure 19. The testing was conducted
with the previously stated procedure to analyze stability.

Below in graph 6 the standard 8 mm main nozzle is presented in green and the new 8,5 mm
main nozzle in dark blue. The sample for the stability is calculated in the interval 400 to 600
seconds.
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Graph 6 Different length of main nozzle

Main nozzle length | Standard deviation
8,5mm 0,049264

8 mm 0,060014
Table 7 Results of main nozzle length

Results from remote jet
The remote jet carburetor for the analysis was built with the same specification as the
recommended carburetor.

e 85 mm main nozzle
e Hole in the carburetor lid under the needle chamber
e 1 mm channel between Autotune and the main nozzle

The reference during the test was a carburetor with the recommended improvements. The
timespan where the standard deviation sample is taken is between 300 to 500 seconds.

Remote jet vs 1 mm channel
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Co/Co2

160 210 260 310 360 410 460 510 560
Secounds
— RPS Boxtemp Co/Co2 remote e Co0/C02 1 mm channel

Graph 7 Evaluation of remote jet and recommended carburetor
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Carburetor type Standard deviation
Remote jet 0,045435

Recommended carburetor 0,044591
Table 8 Results of carburetor type

4.2 Results from benchmark of competitive carburetor

During the benchmarking process the competitor carburetor was evaluated against the already
established reversed engineering structure of the examined carburetor. The objective was to
seek the differences of the carburetors. To receive a good structure of the results it is
presented in the four different sub systems.

4.2.1 Fuel tank
During the analysis of the fuel tank no variation in the function or construction of the two
compared tank where found.

4.2.2 Carburetor pump
During the analysis of the carburetor pumps two differences was found, the impulse and the
volume of the pump.

Impulse

The impulse channel has less bends and changeover in cross-sectional areas which in theory
will lead to a less resonant impulse signal. Furthermore the placing of the impulse is in the
carburetor lid just below the membrane, this might lead to better pump function.

Pump volume

The volume of the pump chamber on the analyzed competitor carburetor was larger than the
examined carburetor. This would in theory increase the fuel flow if the impulse signal can
handle the larger volume.

The conclusion that can be made from the analysis is that the competitor probably has a larger
fuel flow capacity than the examined carburetor. Since there is no need for a larger pump on
the examined carburetor according to the measurements conducted, the competitors carburetor
might have some problems that causes lower fuel deliver, thereby are in need of a larger

pump.

4.2.3 Metering chamber

The major difference between the two metering chambers is that the competitive carburetor
has its takeoff hole in the very top of the metering chamber. This will force the carburetor to
directly extract all vapor at once if it occurs. The testing conducted on the examined
carburetor with two takeoff hole did not generate any more stability. It is possible that the
placing of the takeoff hole has some advantage when running the engine in very warm
climate.

4.2.4 Fuel control system

The major differences with the fuel control system is the length of the channels transporting
the fuel and the placing of the fuel control valve. The placing of the fuel control valve is just
above the venturi, it is 5 mm lower compared to the examined carburetor. This could help
preventing vapor to be extracted by the fuel control system since it is further down in the
carburetor body. The length of the channels should not affect the energy losses in a major way
according to the calculations presented in appendix five.
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The HL major that represent the energy losses linked to length of the channel is very small
compared to HL minor which represent energy losses due to cross sectional area changes.

4.3 Discussion
4.3.1 Fuel tank
e Pressure valve

Since the gain in stability was so minor and with a changing cylinder temperature during the
warmup of the engine no further examination was conducted.

e Evaporation

The highest temperature of the fuel inside the tank was measured to be 36° C, thereby no
evaporation of the fuel will occur in the tank. The evaluation was conducted in the controlled
environment for stability evaluation, if the engine is ran in a warmer climate it is likely that
the fuel will start to evaporate inside the tank.

4.3.2 Carburetor pump
e Impulse and fuel pressure

As we can see from graph 2 the minimum fuel pressure decreases as the engine speed
increases, yet it still fulfills the demand of never being a negative pressure. Other findings are
that the decompression seems to be decreasing with an increasing engine speed, until the
engine reaches the maximum speed which is controlled by elimination of sparks to keep the
speed down. This could be caused by blow-by on higher engine speeds, blow-by is a leakage
between the combustion chamber and the crank case. This also explains why the
decompression increases when reaching maximum speed. Since the sparks are eliminated to
keep the engine speed down so is the pressure that can leak from the combustion chamber to
the crankcase.

Another crucial aspect to mention is that the values measured should not be seen as absolute
values, this is due to the extra volume added when installing the pressure gages. The extra
volume could harm the measurement, yet in a very small way (National Measurment System,
2017).

e Atmospheric pressure under needle seat

As we can see in the graph 3 when atmospheric pressure to the needle chamber is applied the
pressure do not drop down during spark elimination. This will give the engine a more stable
fuel supply and thereby increase the stability of the engine. There is similar effect on
maximum power speed but it is not as obvious as on maximum engine speed. Therefore,
graph 3 is at full engine speed to visualize the effect of the improvement.

To further analyze the stability contribution of the changeover an evaluation of the two
different carburetor lids was conducted. In graph 4 the results is presented, as presented in
table 3 the hole in the lid increased the stability with around 15 %.

e Needle seat

The findings where that the size of the needle seat does not affect the stability. This indicates
that the stability is not affected by the needle seat size on maximum power speed, therefore
not further investigation was conducted.
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It is possible that the smaller needle seat does not enable the needed fuel flow on maximum
engine speed.

4.3.3 Metering chamber
e Two take off holes

With this knowledge, a conclusion can be made that there is very unlikely to be a large
amount of vapor in the metering chamber when the carburetor operates. The solution could be
affecting the stability in a positive way if the engine operates in a warmer climate.

e Metering spring

As presented in the table 5 there is a variation of the stability with regards to the stiffness of
the spring. Although the best stability was gained with the already applied spring, a 29 g
spring. Conclusion made from this is that the spring selection is already optimized for
maximum stability.

e Metering chamber geometry

Since the geometry did not change the stability the loss off energy is very minor. The
conclusion made is that the geometry of the metering chamber does not affect the engine
stability.

4.3.4. Fuel control system
e Channel size

When comparing the results between the 1 mm channel and the 1,5 mm channel the 1 mm
channel is 24% more stable when evaluating the variation. Furthermore, the 1 mm channel
does not have the same rapid deacceleration of the Co/CO2 levels, this is known as lean
peaks. A lean peak is when the engine gets too low fuel flow, this will increase the cylinder
temperature thereby shorten the life time of the engine as well as increase the emission rate
(Ghazikhani, Hatami, Safari, & Ganji, 2014).

e Main nozzle length

When evaluating the results in graph 5 and table 6 an increase in stability by 22% with the
8,5 mm nozzle is presented. There is also a decrease of lean peaks with the 8,5 mm main
nozzle same as found with the 1 mm channel.

As stated during the theoretical analysis there might be an decrease of the engine power due
to smaller venturi size. This was tested with a dyno in the engine lab. The results conclusion
where no change of the power output with regards to the main nozzle size.

e Remote jet

During the evaluation of the remote jet carburetor it was compared to a carburetor with the
recommended product improvements. This was to evaluate if the remote jet carburetor will
generate a better stability than the recommended carburetor. In graph 7 the results of the
measurement is presented, in table 7 the variation is presented. As presented in table 7 the
variation is very small and it is hard to tell which one that is the most stable.

To further evaluate the remote jet carburetor other aspects than stability must be evaluated
such as manufacturability, engine performance and risk. This is not included during the aim of
the thesis, thereby a brief presentation of the aspects are presented in appendix seven.
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The conclusion of the results from appendix seven is that the recommended carburetor is
likely the best choice due to:

e Better manufacturability
e Better engine performance
e Lessrisk of leakages

4.4 Recommended product improvements
The recommended product improvements are presented below with a short summary of
benefits and potential risks.

e 1 mm channel instead of 1,5 mm channel between Autotune and the main nozzle

When measuring the difference in stability of the 1 mm channel compared to the 1,5 mm
channel the 1 mm channel improves the stability with around 20%.

Furthermore the 1 mm channel increases the speed inside the channel and should thereby
increase the acceleration speed of the engine.

The major risk to evaluate is the tolerances that the supplier can provide and seek how it
affect the engine performance. The tolerances were the same as for the 1,5 mm channel but
the smaller channel might affect the engine more with regards to the tolerances.

e 8,5 mm long main nozzle instead of 8 mm.

The 0,5 mm longer main nozzle increased the stability with around 20%. A major benefit of
the changing of main nozzle is that it is a standard part and thereby very easy to implement.
The major risk of implementing the longer main nozzle is that the cross-sectional area of the
venturi decreases. This might harm the power output of the engine, to secure it does not harm
the power output an evaluation with a dynamo was conducted. The results showed that the
new main nozzle does not affect the power output of the engine.

e A 2mm hole in the carburetor lid below the needle chamber

As presented during the discussion the implementation of the hole in the carburetor lid will
increase the stability with around 15%. The cost of implementing the hole is very minor since
it could be done directly in the die-mold. The major risk involved would be if sharp items
under 2 mm will get into the hole and puncture the pump membrane. Since the carburetor is
mounted in a sealed area where only fresh air is blown in, this is very unlikely to occur.
Furthermore, this is already implemented on other carburetors both from internal and external
sources.

4.4.1 Gained stability improvement of the recommended carburetor

To finalize the evaluation of the recommend carburetor it was evaluated against the standard
carburetor. In graph 8 the results of the recommended carburetor is presented, note that there
are only one lean peak with the recommended carburetor against 7 of them with the standard
carburetor.

30



Recomended carburator and standard carburator

300 1
280
260
240 0,8
220
200
180 06
v 160 8
& 140 S
120 04 O
100
80
60 0,2
40
20
0 0
200 250 300 00 450 500 550

350 4
Secounds
Co/Co2 recomended carburator

= RPS

Co/Co”2 standard carburator

Graph 8 Results of the stability gain

In table 8 the difference between the stability is presented, as presented the recommended
carburetor is around 40 % more stable than the standard.

Type of carburetor | Standard variation
Recommended 0,04716122

Standard 0,0802027
Table 9 Gain in stability

5 CONCLUSIONS
During this chapter, the conclusions made from the thesis with regards to the research
question is presented.

5.1 Stability

The research question of the stability was, what contribution does the events occurring prior
to the combustion have to the engine stability?

This has been investigated by establishing a system understanding of the complete engine
with focus drawn to events prior the combustion see heading 3.3 fault mode finding.

A fault tree of potential fault modes affecting the stability has been constructed see figure 6.
All the fault modes have been evaluated in theory and tested in practice. Below is a list of the
found attributes during this thesis that affect the engine stability.

e Atmospheric pressure under needle seat
e Metering spring

e Channel size

e Main nozzle length

e Remote jet carburetor design

Furthermore the reversed engineering documents and system maps created during the thesis
will be implementable for other projects where system understanding of the carburetor is
needed.

5.2 Recommended carburetor
The second research question was, can simple modifications to an already designed carburetor
increase the engine stability?
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The answer to this question would be yes with the results generated from the thesis.
The conclusion made is that with the three following simple and implantable improvements,
the engine stability can be increased by 40%.

e Channel size

Changing the channel size is a quite simple task that only involves change of one single tool
in the manufacturing process.

e Main nozzle length
Changing the main nozzle is a very simple task since it is a standard part from the supplier.
e Hole in the carburetor lid

Implementing a hole in the carburetor lid is also a simple task, this could be done directly in
the die-mold.

5.3 Recommendation to future activities
e Investigate the aspects of takeoff hole placement in warmer climates

Since it was found the competitor carburetor uses a takeoff hole placed on the highest possible
level inside the metering chamber, it might generate some positive aspects not found during
the stability analysis. It might be helpful when starting the engine or when operating the
engine in warm climates, 38° C and above.

e Seek a deeper understanding between the energy losses in the fuel control system with
regards to the stability

During the thesis, not much effort was spent on trying to seek a deeper understanding of the
relation between energy loss and stability, the reason is that it was not involved in the aim of
the thesis. It could be of great use for further new development of carburetors to truly
understand the relationship between energy losses and engine stability.

6 CRITICAL REVIEW

During this chapter the results of the thesis is reviewed in aspect of environment, health,
safety, society and economic. It also involves a review of the work that has been conducted
during the thesis

6.1 Environment

For the engine to become more environmental friendly the stability has to be increased and
thereby lowering the operating temperature. With the recommended carburetor E10 can easily
be the fuel source to the engine without increasing the emissions due to less stability.

When running the engine on E10 both the Co, foot print and the NOx and Hc levels of the
emissions is lowered. This will lower the strain on the environment.

6.2 Health, safety and society

When lowering both the HC and NOx levels produced by the engine the environment for the
operator of the engine will be better. This is due to that the operator will be exposed to less
harmful substances, thereby increasing both the health and safety for the operator. With an
increased health and safety for the operators of the engine the society will also be benefited.
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Some cases where the benefits might show is less occupation of medical care, more healthy
inhabitants and thereby larger tax income. Furthermore, less emissions will create a more
sustainable society with regards to the environmental aspects mentioned before.

6.3 Economic

The changes recommend will probably come with an increased cost of producing the
carburetor, and thereby an increased part price. When comparing the cost to the problems that
could occur when running E10 in the engine, the cost seems very minor. One crucial aspect to
add to the cost is that the user of the engine will experience a better drivability.

6.4 Conducted work

The methods applied during the fault finding part of the thesis have generated a good and
structural foundation. If more time would have been present, some logical gates could have
been applied in the fault three, this might have shortened the time of evaluating the basic
events.

The model build for energy loss calculations is basic, although it has helped with the selection
of sizes within the carburetor. The model has been validated with live testing on the product.

When working with measurements there are always measurement uncertainties to consider.
During the thesis a wide range of actions has been taken to prevent as much uncertainness as
possible.

During the thesis it was found that the evaluation of two takeoff holes needed evaluation in
warmer climates. This was not within the scope for the thesis and thereby screened from the
thesis. There is a possibility that a better predictivity during the startup process would have
caught the need.
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APPENDIX ONE

Reverse engineering of fuel tank

Design Organization: Husgvarna AB

Date: 29/01-2017

Product Decomposed: Fuel tank to a 40 cc engine

Description: A sealed container with a regulated pressure storing fuel for the carburetor.

How it works: Fuel is poured in to the tank and sealed with a lid. The pressure within the tank
is controlled with a pressure valve. The fuel is fed into the carburetor through a fuel filter
connected with a hose on to the carburetor. The tank also has a connection to the metering
chamber through a primer bulb.

Metering Chamber

Analyzed area

v

A

tank will change
with the temperature
level. A pressure can
also be built up by
using the primer
bulb connected to
the metering
chamber on the
carburetor.

Ftuel pored_intoa Lid is seald —» Tank caseing [ Presure valve Carburgtor Primer bulb
ank caseing conection
L) \
\ |
Y
Air filter Carburator
pump
Interfaces with other objects:
Part | Part Name | Other Energy flow Information Flow | Material Flow
# object
1 | Tank Cylinder | Fuel is poured into | As the tank is a The lid seals
casing top the tank and sealed | sealed volume the tank after
with a lid. pressure within the refueling
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Pressure Fuel, When the pressure | When the Fuel is heated
valve L reach a certain temperature of the by the
air filter . .
level the valve fuel increases, the surrounding
open, the valve isa | fuel starts to temperature.
two-way valve evaporate and a The primer
always open to pressure will be built | bulb is used.
under pressure. up. The pressure is
also affected by the
primer bulb. The
release of the valve
is located in the air
filter.
Carburetor | Fuel Fuel is extracted When the pump is The pump is
connection | pump, from the tank by operating fuel is activated and
hose, the pump in the sucked out of the starts to
fuel carburetor, passing | tank and filtered extract fuel
filter, through a fuel filter | through a fuel filter. | from the fuel
fuel connected to the If the pumps back tank to the
fuel feed on the valve does not carburetor
carburetor by a function correctly
hose fuel can bleed back
to the tank
Return Primer | To fill the pump When pushing the The primer
from bulb, | and metering primer bulb the fuel | bulb is used
primer fuel chamber on the in the bulb is by the
bulb carburetor a primer | extracted from the operator.

bulb is used. The
primer bulb works
asapump and
removes fuel,
vapor or air from
the carburetor and
replaces it with
fresh fuel from the
fuel tank.

bulb to the fuel tank,
the fluid or gas in the
carburetor is moved
to the purge bulb.
The bulb has a back
valve only allowing
fuel to flow from the
carburetor to the
tank

36




Flow of Energy, information and materials

Part # | Part Name | Interface Flow of energy, information, material Image
part
1 Tank 2’3’4 Fuel temperature during load 40
casing 290
35
270
30
250
25
230 20
210 15
190 10
170 5
150 ——RPS —— Bransle 0
465 565 Axetstel 765 865
2 Pressure 1 NA
valve
3 Carburetor 1,3 NA
connection
4 Return 2,3 NA
from purge

Links and drawing files:

The Mechanical Design Process

Copyright 2008, McGraw Hill

Designed by Professor David G. Ullman

Form#17.0
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APPENDIX TWO

Reverse engineering carburetor pump

Design Organization: Husgvarna AB

Date: 29/01-2017

Product Decomposed: Pump function on carburetor.

Description: A membrane pump using the compression and decompression in the engine.

How it works: During a full cycle of an engine the crankcase will have both a compression
and a decompression stage. The impulse generated from the engine is used to move a
membrane up and down, forcing fuel towards a chamber. In order not to lose fuel flow in the
pump two back valves are applied one between the fuel feeder and pump chamber and the
other one between the pump chamber and the needle chamber.

Analyzed area .
Carburator Metering
Fuel tank > :
conection arm
Impulse
.
Back valve » Membrane Pump
chamber
. | —
Back valve Needle N Filter Needle Metering
chamber valve chamber
Interfaces with other objects:
Part | Part Name Other Energy flow Information Flow | Material Flow
# object
1 | Impulse Crankcase | During the engine | The impulse uses the | The engine
, Impulse | cycle both a compression and completes a
channel | compression and | decompression to full cycle.
decompression move the membrane
will occur. up and down.
2 | Membrane Pump The membrane is | Membrane is forced | Membrane
body, affected on the out from the surface | extract fuel
Lid dry side by the during from fuel
impulse. On the decompression and | tank to the
wet side, itisin forced in during needle valve
contact with the compression. This through the
fuel. combined with a pump
chamber of fuel will | chamber and
create a pump.
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the needle

chamber.
Back Pump Two back valves | The valve is a part of | Impulse
valve body are used to the membrane, affect the
prevent back always open during | back valve
bleeding to the decompression and
fuel tank and to closed during
the needle compression.
chamber.
Pump Membrane | A chamber is The pump chamber | The
chamber , used as a is a volume that is membrane
back valve reservoir to store | pumped to the forces fuel
fuel for the pump. | needle valve out to the
chamber through a needle valve
back valve by the chamber and
membrane feeds with
new fuel from
the fuel feed
Needle Back A chamber used | A chamber under the | Fuel is
chamber valve to store a fuel needle valve is used | pumped from
reservoir for the to secure fuel flow to | the pump
metering the metering chamber
chamber. chamber. through a
back valve to
the needle
chamber and
extracted by
the metering
chamber
Filter Needle | Afilteris The filter isused to | Fuel is
chamber, | installed between | filter particles filtered
the needle valve | missed by the fuel between the
and the needle filter needle
chamber chamber and
metering
chamber
Needle Metering | A valve To not flood the Fuel is
valve chamber, | constructed by a | metering chamber a | extracted
needle and a seat | needle valve isused | from the
needle . .
chamber is used between to control the fuel_ metering
the needle flow. The needle is | chamber
chamber and the | operated by a forcing the
metering membrane and a metering arm
chamber. metering arm within | to open the
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the metering needle valve
chamber to fill the
metering
chamber.
Flow of Energy, information and materials
Part # Part Name Interface Flow of energy, information, Image
part material
1 Impulse 2,34 NA NA
2 Membrane 1 NA NA
3 Back valve 1,3 NA NA
4 Pump chamber 2,3 NA NA
5 Needle chamber 3,6,7 NA NA
6 Filter 5,7 NA NA
7 Needle valve 6,6 NA NA
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APPENDIX THREE

Reverse engineering for metering chamber

Design Organization: Husgvarna AB

Date: 1/2-2017

Product Decomposed: Metering chamber on AT11

Description: The metering chamber stores fuel for the fuel control system.

once again.

Airfilter

How it works: The metering chamber controls the fuel to the fuel control system through the
needle valve in the pump. The function is based on a membrane that pushes a metering arm to
open the needle valve and filling the chamber with fuel. As the fuel level is lowered the

membrane pushes the metering arm to open the needle valve for filling the metering chamber

A

Analyzed area

Filter

forcing the
membrane to
push the metering
arm.

needle valve to fill the
metering chamber
with fuel. Depending
on the stiffness of the
membrane, height of
the metering arm and
the spring the needle
valve will open
differently.

compensation Membrane »  Metering arm > Spring Take off hole
A A
Needle valve Fu:)llsctzr;t]rol
Interfaces with other objects:
Part | Part Name Other Energy flow Information Flow Material
# object Flow
1 | Membrane | Air filter, | Fuel is extracted | The pressure drop Membrane
metering | by the fuel control | pushes the membrane | pushes the
arm system creatinga | down on the metering | metering
pressure drop arm opening the arm
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Filter Air filter, | As the air filter When the filter is As the filter
compensat | membrane | gets clogged, the | clogged the engine get clogged
ion pressure will run richer due to | the metering
difference less air. To prevent chamber
between the this a filter membrane
outside and inside | compensation is used, | compensates
of the filter it links the metering for the loss
increases. This chamber membrane to | of air by
will lead to a the fuel reducing the
lower air supply fuel level
available for the
engine.
Metering Spring, | Asthe membrane | The height of the Membrane
arm membrane | pushes down on metering arm will pushes the
the metering arm | affect the air to fuel metering
the needle ratio in the engine. A | arm opening
attached to it will | lower arm will open the needle
open the valve later than a higher arm | vale to fill
between the pump | since the membrane the metering
and metering needs to move a large | chamber
chamber allowing | distance with a lower
fuel to be arm. A lower arm will
extracted from the | result in a lean fuel
needle chamber. | mixture and a higher
arm will result in a
more rich fuel mixture
Spring Metering | To respond to the | Depending on the The spring
arm reacting force of | spring-constant the helps the
the membrane a closing and opening of | metering
spring under the | the valve will be arm closing
metering arm is affected. A softer the needle
used. The spring | spring will give a valve.

will close the
needle valve
when the chamber
is filled with fuel
and the
membrane is
pushed upwards.

richer mixture then a
harder.
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5 | Take off Metering | The takeoff hole | The location of the Fuel is
hole chamber | is placed in the takeoff hole can cause | extracted by
body, metering chamber | problems ifitisinan | the fuel
Autotune | body. The fuel is | turbulent area of the control
extracted from the | metering chamber, system
metering chamber | since it can harm the
by the fuel control | delivery to the fuel
system. control system
6 | Primer Take off | To fill the The primer bulb The primer
bulb hole, metering chamber | extracts fuel or vapor | bulb is used
Autotune, | with fuel and to from the metering by the
Fuel tank | extract vapor a chamber through the | operator
primer bulb is takeoff hole and back
used. to the tank.

Flow of Energy, information and materials

Part # Part Name Interface part Flow of energy, information, material | Image
1 Membrane 3 NA NA
2 Filter 1 NA NA
compensation
3 Metering arm 1,3 NA NA
4 Spring 2,3 NA NA
5 | Take off hole NA NA
6 Purge NA NA
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APPENDIX FOUR

Reverse engineering for fuel control system

Design Organization: Husgvarna AB

Date: 1/2-2017

Product Decomposed: Fuel control unit on carburetor AT11

Description: The examined carburetor has an electronic controlled fuel flow called Autotune
invented by Husqvarna AB.

Take off hole

N

Autotune

Analyzed area

> Idlejet

Main nozel

How it works: As fuel is extracted from the metering chamber it passes through the Autotune
module before going to the idle or main circuit. When the idle circuit is in use the main circuit
is closed, when the main circuit is used the idle circuit is closed. Due to the innovation rights
of Autotune not all function of it can be exposed.

‘ J
Idle chamber

Venturi

Interfaces with other objects:

Part Part Other Energy flow Information Flow Material Flow
# Name object
1 | Auto Metering | The module is | When the engine is When the engine
tune chamber, | based on a running on a lean IS running
idleand | solenoid mixture the valve Autotune
main opening and opens more frequently | optimizes the air
circuit | closing and if the mixture is to | to fuel ratio of
between the rich the valve close the engine
metering more often to always
chamber and secure an optimal
the idle and mixture of fuel and
main circuit. air.
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air filter side

of the
carburetor. The
jet operates
with the same
principal as the
idle jet with a
plastic disc

over pressure on the
engine side will occur
and a under pressure
on the air filter side of
the throttle plate will
occur, forcing the disk
down and opening the
main jet

2 Idle jet Autotune, | Theidle jetis | The pressure drop on | Engine is started
. idle jet | opened and the engine side of the | and throttle plate
(idle . . ..
o chamber | closed by a throttle plate will open | is in position
circuit) o g .
plastic disc the idle jet, allowing zero
controlled by | fuel into the idle
the pressure chamber
within the
venturi
3 | Idle Idle jet | A chamber When idling the Fuel is regulated
chamber with three engine, only fuel from | through the
(idle different holes | the idle hole will be partly open
o one idle hole extracted to the throttle and idle
circuit) . .
and two partly | venturi, on partly open | holes during
throttle holes. | throttle the other two | idling and partly
holes will help with opened throttle.
more fuel.
4 | Main jet Idle jet, | The main jetis | When the throttle The throttle is
Autotune | placed onthe | plate is wide open, an | moved from part

throttle to wide
open throttle.

Flow of Energy, information and materials

Part # Part Name Interface part | Flow of energy, information, material | Image
1 Auto tune 3,4 NA NA
2 Idle jet 1 NA NA
3 Idle jet chamber 2 NA NA
4 Main jet 2,1 NA NA
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APPENDIX FIVE

Calculations of reynolds number, major and minor
energy losses between autotune and main nozzel

M

A Q2
U A2 V2 AS /I\

i i A4 |V5
0 Q1 A1 V1 A3 V3 V4 N
A \—J N
N [e]
E z
T é
IDLE JET L

el

- As/A ;

The formulas used for the calculations is gathered from the book a brief introduction to fluid mechan-
ics chapter 8 (Young, Munson, Okisihi, & Huebsch, 2007).

HL major represents the energy losses from the length of the pipe, the two parameters that are
deepening is the surface and the length of the pipe.

HL minor represent the energy losses due to changeover in cross-sectional areas within the system.
It is not always the cases the HL major is the main contributor to the energy loss.

.5 mm channel

Remove ["Global x"]

pipediameter = 0.015;
Al = pipediameter? x x;
A2 =0.006%0.005;

A3 = pipediameter:2 * 7T;
A4 =0.002%0.003;

A5 =0.0007% & x;
q=3.08%10F;
g=9.81;

Solve[q == vl *Al, vl1]
{{vl1-0.00435731}}

Printed by Wolfram Mathematica Student Edition



Page 1

V3 =V1=0.004357308664204779"
0.00435731

Al xV1
v2 s —mm—
A2
0.102667
V1l=vV3
0.00435731
A3 % V3
V4 = ———
A4
0..513333
q
V5 = —
A5
2.0008

Contraction between A1 and A2

A2

Al
0.0424413

This will give a K value of 0.98
Contraction between A2 and A3
A3

A2
23,5619

Sharp exit K value of 1
Contraction between A3 and A4
A4

A3
0.00848826

This will give a K value of 0.98

Contraction between A4 and A5
A5

A4
0.256563

This will give a K value of 0.43

Page 2
0.98 » V12
HL12 = ——
2g
1% V32
HL23 = ——
2g
0.98 % V32
HL34 = ——
2g
0.43 % V42
HLA5 = ———
2g

9.48339x 107
9.67693x 107
9.48339x 107

0.00577522

HLminortotl5 = HL12 + HL23 + HL34 + HL45

0.00577808

| mm channel

Remove ["Global™ %"]

pipediameter = 0.01;
Al = pipediameter? & x;
A2 =0.006%0.005;

A3 = pipediameter? x x;
A4 =0.002%0.003;

A5 = 0.00072 % 7x;
q=3.08%10"5;
g=9.81;

Solve[qg = vl x Al, vl1]
{{v1—>0.00980394}}

V3 =V1=0.004357308664204779"
0.00435731

Al xV1
v2 = —
A2

0.0456296

V1l=V3
0.00435731

Printed by Wolfram Mathematica Student Edition
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Page 3

A3 x V3
V4 = —
A4

0.228148

q
V5= —
A5

2.0008

Contraction between A1 and A2
A2

Al
0.095493

This will give a K value of 0.98
Contraction between A2 and A3

A3

A2
10.472

Sharp exit K value of 1
Contraction between A3 and A4
A4

A3
0.0190986

This will give a K value of 0.98

Contraction between A4 and A5
A5

A4
0.256563

This will give a K value of 0.43

Printed by Wolfram Mathematica Student Edition

Page 4
0.99 x V12
HL12 = —
2g
1 % V32
HL23 = ——
2g
0.99 % V3?2
HL34 = —
2g
0.43 » V42
HL45 = ———
2g

9.58016 x 1077
9.67693x 1077

9.58016 x 1077

0.00114078

HLminortotl = HL12 + HL23 + HL34 + HL45

0.00114367

HL major

Remove ["Global" x"]

Q=3.08%10%;
V=4.35%105;

u=6%10"°;
d15 = 0.015;
dlU = 0.01;
L=0.085;
g = 9.81,'
(4 Q)
RE;; = ——m8
dijs*wxu
43.5731
(4 +Q)
REjg = ——
dijg*xmmxu
65.3596
64
HLmajorl5 =
RE;5
64
HLmajorlO =
RE;o

1.84535x10°°

1.84535x10°

* —/ %

d;s

L
* — *

dio

2xg
v

2xg
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Summery of calculations

Reynolds number for 1,5 mm channel is:
43,6

Reynolds number for 1 mm channel is:
65,4

Major energyloss due to change of channelsize is zero.
The energyloss is:

1.84535 x 10 Joule

Minor energyloss with 1,5 mm channel is:
0.000233873 Joule

Minor energyloss with 1 mm channel is:
0.0000485151 Joule

Diffrence in energyloss between 1,5 mm and 1 mm

0.005778082403089266 / 0.001143667534153118"

5.05224
Reynolds number side the system

fluid velocity * pipe diameter

Reynolds number =

Kinematic viscosity

DZ
A=n=
"%

4% Q

Reynolds number =

D *m* Vkinematic viscosity

lowering the RE number although 10% will not be measurable in the terms of engine stability.

Kg
Density of fuel 7205
Area 7,07% 10~% m?2
—_eMm
fluid velocity 4,35%107° "

Fuel flow

3
3,08*1076 mT

Kinematic viscosity

6¥10-6 ™
S

Printed by Wolfram Mathematica Student Edition
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APPENDIX SIX
Fuel tank

e Pressure valve
Under pressure
Over pressure
e Flow restriction in fuel filter
e Fuel evaporation
e Air sucking
Carburetor pump

e Back valve

e Pump chamber volume

e Needle chamber volume

e Needle seat

e Turbulent flow under needle seat (bleed to fuel hoes)
e Pressure peak in fuel flow

Metering chamber

e Metering arm

e Metering spring

e Needle

e Geometry of chamber
e Take off hole

Fuel control system

Length of main nozzle
Side feed size

Size of channel

Idle pocket size
Remote jet

0 O O O O



APPENDIX SEVEN

Manufacturability

The recommended carburetor only need a change of a drill size during the manufacturing
process. The remote jet needs two new different milling sizes and two new channels to be
manufactured. Furthermore, the remote jet features a lid with a pressure fitting that needs to
be done.

Conclusion made is that the when reviewing the two carburetors the recommended one is
more simple to produced and there by more cost efficient.

engine performance

When evaluating the acceleration of the engine from idle to full speed there was a difference
between the carburetors. The recommended carburetor is around 50 ms faster in acceleration
then the remote jet carburetor. On the idle performance the two carburetors preform the same.
risk

There are two major risk for the two carburetors, the remote jet features more channels and lid
with pressure fitting.

With more channels the risk of production malfunction is higher, as well as the pressure fitted
lid could start to leak.

The major risk with the recommended carburetor is that the smaller channel has not been tried
on an carburetor before at Husqvarna. This is the only major risk with recommended the
carburetor

Conclusion

The recommended carburetor has a lower cost and less risks of fault during the production
and the lifespan off the carburetor. Furthermore, the engine performance of the engine will be
increased with a fast acceleration with the recommended carburetor
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