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Modeling and Evaluation of the Olshammar Engine.

A simulation based approach of a five-stroke turbocharged engine using Siemens Amesim.
Fredrik Aberg

Wilhelm Hansson

Division of Energy Conversion and Propulsion Systems

Chalmers University of Technology

Abstract

Internal combustion engines (ICEs) have been used since the 19th century and remain
relevant as of 2025, although the field faces major challenges. The future of ICEs will
heavily rely on new inventions and technological advancements. This thesis addresses
one such invention: the Olshammar engine, a five-stroke engine concept featuring a low-
pressure exhaust cylinder. The purpose of this study is to examine how the Olshammar
engine performs in comparison to a conventional four-stroke engine. There are several
software tools available for modeling and simulating ICEs, and in this study, Siemens
Amesim was used. Initially, a two-cylinder petrol baseline engine was modeled and op-
timized, providing the reference for modeling the Olshammar engine. The results show
that the Olshammar engine reduces brake-specific fuel consumption (BSFC) across the
operating range of 2000-5000 rpm, with the largest improvement at 3000 rpm, where
BSFC is reduced by approximately 4 %. This corresponds to a fuel conversion efficiency
of hy = 35:2% compared to h¢ = 33:7% for the baseline engine. Furthermore, the simu-
lations indicate that the improvement in BSFC can be attributed to the power contribution
from the exhaust cylinder, resulting from the recovery of expansion work. Additional
assessment of key parameters contributing to performance improvements suggests that
tuning the exhaust cylinder offset relative to the combustion cylinders, as well as adjust-
ing the bore-to-stroke ratio, can further enhance overall performance. Siemens Amesim
proved to be a well-suited tool for ICE modeling, to the extent that it could replace GT-
Power in the ICE course at Chalmers in the future. Finally, the findings of this study
demonstrate how the design and optimization of the Olshammar engine contribute to im-
proved fuel efficiency compared to conventional four-stroke designs.

Keywords: Olshammar engine, Internal combustion engine, Five-stroke engine, limor en-
gine, Turbocharged engine, Low pressure cylinder, Exhaust cylinder, Siemens Amesim.



Modellering och utvardering av Olshammar-motorn.

Ett simuleringsbaserat tillvagagangssatt for en femtakts, turboladdad motor med anvand-
ning av Siemens Amesim.

Fredrik Aberg

Wilhelm Hansson

Avdelningen for energiomvandling och framdrivningssystem

Chalmers University of Technology

Abstract

Forbranningsmotorer har varit i bruk sedan 1800-talet och ar fortfarande relevanta i dag,
aven om de moter ett okande motstand i samhallet. Hur framtiden for forbranningsmo-
torer utvecklas beror i stor utstrackning pa framvaxten av ny teknik och nya innovativa
I6sningar. Detta examensarbete behandlar en sadan innovation: Olshammar-motorn,
en femtaktsmotor med en lagtryckscylinder. Syftet med arbetet ar att undersoka hur
Olshammar-motorn presterar i jamforelse med en konventionell fyrtaktsmotor. F6r mod-
ellering och simulering av motorerna har programvaran Siemens Amesim anvants. Inled-
ningsvis skapades en referensmotor, en tvacylindrig bensinmotor, som optimerades och
anvandes som jamforelsebas mot Olshammar-motorn. Resultaten visar att Olshammar-
motorn reducerar den bromsspecifika bransleférbrukningen (BSFC) inom driftomradet
2000-5000 rpm, med den storsta forbattringen vid 3000 rpm, dar BSFC minskar med
cirka 4 %. Detta motsvarar en bransleomvandlingseffektivitet pa hs = 35;2% jamfort
med h¢ = 33;7% for basmotorn. Simuleringarna pavisar vidare att forbattringen i BSFC
kan kopplas till den extra effekt som utvinns ur avgascylindern som ett resultat av det
extra expansionsarbetet. En ytterligare analys av de faktorer som bidrar mest till pre-
standaforbattring visar att finjustering av avgascylinderns forskjutning i forhallande till
forbranningscylindrarna samt variation av borr- och slagforhallandet kan ge ytterligare
optimeringspotential. Studien visar &dven att Siemens Amesim ar vél lampat for model-
lering av forbranningsmotorer, i sadan grad att det kan ersatta GT-Power i framtida un-
dervisning inom ICE-kursen pa Chalmers. Resultaten understryker slutligen hur designen
och optimeringen av Olshammar-motorn bidrar till forbattrad bransleeffektivitet jamfort
med konventionella fyrtaktsmotorer.

Nyckelord: Olshammar-motorn, férbranningsmotor, femtaktsmotor, Ilmor-motor, turbo-
laddad motor, lagtryckscylinder, avgascylinder, Siemens Amesim.
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List of Acronyms

Below is the list of acronyms that have been used throughout this thesis listed in alpha-
betical order:

ATDC After Top Dead center

BDC Bottom Dead Center

BSFC Brake Specific Fuel Consumption [g=kWh]
BTDC Before Top Dead center

CAD Crank Angle Degree [°CA]

CAO05 CAD where 5 % of the fuel is burned
CA50 CAD where 50 % of the fuel is burned
CA90 CAD where 90 % of the fuel is burned
EVO Exhaust Valve Open

EVC Exhaust Valve Close

HP High Pressure

ICE Internal Combustion Engine

IMEP Indicated Mean Effective Pressure [bar]
IVO Intake Valve Open

IVC Intake Valve Close

LP Low Pressure

Sl Spark ignition

TDC Top Dead Center
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Nomenclature

Below is the nomenclature of variables, parameters, geometric parameters and indices
that has been used throughout this thesis.

Variables
p Pressure [Pa or bar]
v Volume [m3]
m Mass [ka]
m Mass flow rate [ka/s]
u Gas velocity [m/s]
r Gas density [kg/m?3]
T Temperature [K]
h Enthalpy [J/kg]
E Total energy [J]
We:i Indicated work (cylinder i) [J]
Teng  Engine torque [Nm]
N Engine speed [rpm]
P Power [W]
ht,  Brake fuel conversion efficiency [-]
Wiy Turbine work rate [W]
Q Heat transfer [J]
Qch Chemical energy of fuel [J]
Qnt Heat transfer to walls [J]
S Pipe cross—sectional area [m?]
D Pipe diameter [m]
Xi Mass fraction of species i [-]
q Crank angle [°CA]

Xp(q) Burned mass fraction (Wiebe) [-]
r Gas density [kg/m3]

Xi



Parameters

R Gas constant

QLHv Lower heating value of fuel
a;m Wiebe function parameters
Jdo Wiebe burn start angle

Dq Burn duration

C1;Co Woschni heat transfer coefficients
Sw Combustion chamber wall area
Vo Cylinder volume at reference state

T1;p1;Va  State before combustion

f Pipe friction factor

he Convective heat transfer coefficient
he Radiative heat transfer coefficient
Twall Wall temperature

PRo Compressor total pressure ratio

A Speed of sound ratio

We Compressor rotational speed

dt Time step size

g Ratio of specific heats

Geometric parameters

Bore [mm]
S Stroke [mm]
CR Compression ratio [-]

L  Connecting rod length  [mm]

Indices

i Cylinder index
J Species index (gas composition)

Xii

[J/(kg-K)]
[J/kg]

[-]

[°CA]
[°CA]

[-]

[m?]

[m®]

[K], [bar], [m°]
[-]
[W/m?K]
[W/m2K*4]
[K]

[-]

[-]

[rad/s]

[s]

[-]
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1

Introduction

The objective of this chapter is to introduce the subject of the Olshammar engine. It
presents the background of the concept, the research questions, the involved stakeholders
and the project's main limitations. Finally, the signi cance of the study is discussed,
followed by an outline of the report structure.

1.1 Background

Cars, motorcycles and many more transportation devices today have one thing in com-
mon, they are all typical users of a propulsion system that was invented in 1876, the four
stroke ICE developed by Nicolaus A.Otto [4].

Previous to the upcoming of the four stroke ICE that is common today, Nicolaus A.Otto
together with Eugen Langen introduced an atmospheric engine in 1867. That engine used
the increase of pressure during combustion of the fuel and air mixture in the outward
stroke to accelerate a piston. The momentum of the piston generated a vacuum in the
cylinder which, combined with the atmospheric pressure, pushed the piston inward [4].
Although this engine worked, it had an modest thermal ef ciency of 11 %.

Otto's introduction of the four-stroke ICE, consisting of a cycle with an intake stroke,
compression stroke, expansion/power stroke and lastly an exhaust stroke, showed promis-
ing results compared to the atmospheric engine [4]. Going forward to today, the develop-
ment of better performing and more ef cient ICEs is still relevant. From this background,
the objective of this study is to evaluate the Olshammar Engine concept, created by Mats
Olshammar, by performing model based simulations in Siemens Amesim. This work is
done in a collaboration with Chalmers University of Technology and Mats Olshammar at
Olshammar Nebula AB.

The concept of the ICE evaluated in this project is developed by Mats Olshammar. Since
2019, Olshammar has both a Swedish and Chinese patent on the engine[15]. The idea has
been developed by Olshammar and on his website [14] there are both descriptions and
results of the engine. There are also 15 Youtube videos where Olshammar explains the
concept in detail. With both patent and idea in place, Olshammar moved forward with the
concept by doing simulations in GT- Power.



1. Introduction

1.2 Purpose

The purpose of this thesis is divided into two parts, where the rst is related to the OI-
shammar engine, and the second to Chalmers. For the Olshammar part, the purpose is
to further analyze and evaluate the Olshammar engine, using a modeling and simulation
based approach in Siemens Amesim.

For the Chalmers part of the thesis, the aim is to explore the advantages and disadvan-
tages of Siemens Amesim in terms of ICE modeling. This is of interest for the division
of Energy Conversion and Propulsion systems, and more speci ¢ the course in Internal
Combustion Engines, held by Petter Dahlander. Chalmers is currently using GT-Power in
the ICE course, but since the program is rather expensive compared to Siemens Amesim,
it is of high interest to explore whether Siemens Amesim could be a valid replacement for
GT-Power in the future.

1.3 Research questions

» How does the Olshammar engine perform compared to a four-stroke engine of same
characteristics?

» How does the exhaust cylinder contribute in terms of overall performance and why?

* What is the reason for having a sideport, and what effect does it have on the engines
overall performance?

* What are the advantages and disadvantages of Siemens Amesim in terms of mod-
eling internal combustion engines?

» Should Chalmers consider the option of replacing GT-Power with Siemens Amesim
in the internal combustion engine course?

1.4 Stakeholders

The stakeholders of the thesis are the following:

» Mats Olshammar: Inventor of the patent for the Olshammar engine.

* Chalmers and Petter Dahlander: It is in Chalmers interest whether the program
Siemens Amesim can be implemented in the internal combustion course. Petter
Dahlander is the examiner.

» Future researchers in the subject: This study can be used as a reference for future
research in the eld of ve-stroke engines.

1.5 Limitations

Program experience: The thesis workers experience in Siemens Amesim.

Limited turbocharger data: Number of compressor and turbine maps in Siemens
Amesim were few.

Model simpli cations: In the study, only a two cylinder gasoline engine was con-
sidered.
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» Optimization: Number of parameters that could be optimized at one instance was
limited by computational power.

« Knock: The available knock model in Siemens Amesim is a simpli ed model and
only gives an indication of knock.

1.6 Signi cance of the study

The signi cance of the study is that the Olshammar concept, that in earlier studies have
shown positive results regarding increased ef ciency compared to conventional four-
stroke ICEs, is further investigated and validated. This increased ef ciency can have
both positive environmental and economical effects.

1.7 Outline

The outline below presents a summary of the structure and organization in the thesis, in-
cluding the main chapters and their contents.

Chapter 2 starts by exploring the eld of ve-stroke engines via a literature review and
then proceeds by describing the Olshammar engine concept in detail. The chapter is then
continued with a theoretical background that presents the fundamental parameters and
theory related to the topic.

Chapter 3 presents the methods used for modeling, optimizing and validation of the Base-
line and Olshammar engine. It begins by covering the basics of theory and modeling in
Siemens Amesim. The chapter continues with a detailed description of the engine mod-
eling and the optimization. Further, an analysis of the timestep and tolerance, as well as
knock is presented. Lastly, the models are validated against an existing engine.

Chapter 4 presents the results of the simulations. The chapter starts with a compari-
son of BSFC and fuel conversion ef ciency. It proceeds by examining the contribution of
the sideport and the effect of different exhaust cylinder geometries, as well as the timing
in CAD of the exhaust cylinder related to the combustion cylinders. The chapter ends
by presenting the difference in ow properties for different sections of the Baseline and
Olshammar engine.

Chapter 5 begins by analyzing the results of Chapter 4, with respect to how the exhaust
cylinder contributes. It follows by discussing the complications that occurred when at-
tempting to model the limor engine and then dives into the sensitivity analysis that high-
lights the connection between parameters and robustness of the models. The modeling
of ICEs in Siemens Amesim is further discussed, with reasoning of the advantages and
disadvantages compared to GT-Power. The chapter ends by addressing the results of this
study in comparison to previous work on the Olshammar engine.

The thesis is concluded in Chapter 6, that showcase the potential of the Olshammar engine
and how Siemens Amesim can be used for modeling ICEs in the ICE course at Chalmers.

3
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2

Literature Review and Theoretical
Background

This chapter provides the theoretical foundation for the study and is divided into two
main parts. The rst part presents a literature review of modern engines and previous
work on ve-stroke engine concepts, while the second introduces fundamental ICE theory.
Together, these sections establish the background knowledge required for the modeling
work described in Chapter 3.

2.1 Literature review

The concept of ve-stroke engines is not new, several attempts have been made to develop
ef cient engine con gurations based on this principle. This section reviews some of the
most notable ve-stroke concepts and their main characteristics. In addition, previous
work related to the Olshammar engine is presented.

2.1.1 State of the art technology and engines today

In recent years, the automotive industry has seen many different engine concepts that
show greater performance and ef ciency than before, and the development of new tech-
nology progress fast. Heywood stated in 2018 that the best BSFC of a four-stroke tur-
bocharged gasoline engine at that time was 230 g=kWh [4], but in recent years, this value
continues to decrease, meaning even more ef cient engines. A modern state of the art
engine is the Mercedes-AMG 2.0-liter M139 engine, a turbocharged four-cylinder engine
that produces 416 hp [22]. The engine has a two-stage fuel injection, as well as a spray
guided combustion process that helps to increase thermodynamic ef ciency. In addition,
the compression ratio is 9 and the max boost pressure is 2.1 bar (absolute pressure 3.1
bar) for the S-model. There is no of cial data published related to brake speci c fuel
consumption or overall ef ciency of the engine.

2.1.2 Previous results of ve-stroke engines

There has been many previous studies related to the topic of ve-stroke engines with tur-
bochargers for the purpose of achieving increased power and ef ciency. In 2003 the Bel-
gian engineer Gerhard Schmitz led a patent of a ve-stroke ICE that showed increased
power density compared to a regular ICE[3]. The engine consists of two HP combustion
cylinders and one LP exhaust cylinder, with larger swept volume than the HP combustion

5
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cylinders[8]. In this concept, instead of directly transferring exhaust gases into the atmo-
sphere, the exhaust gases are sent to the LP exhaust cylinder to achieve an extra expansion
stroke with high expansion ratio [17].

High power density of engines is usually desired to reduce weight and dimensions[3]. In-
crease of power density can be achieved by increasing the air-intake by using compressed
air. Schmitz stated that the advantages in terms of power for an controlled ignition engine
using gasoline resulted in an increase in energy output of 20% at full load and 25% at
partial load. For the case of a compression ignition engine using Diesel, the increase in
energy output was in the range of 14% to 25%.

Another study on a ve-stroke engine with port fuel injection and spark ignition was
performed in 2014 [8]. One of the key aspects of this study was to look into how a
ve-stroke engine could be used as a range extender, whereas it would mainly operate in
high ef ciency operating points. The ICE in this study utilize a "smart wastegate" system
with variable valve timing to control the boost pressure of the turbocharger. The study
performed tests over a wide range of operating points, however, the results were mainly
presented for an engine speed of 4000 rpm and brake power of 32.8 kW. At this operating
point, the BSFC was 226.4 g=kWh, which corresponded to an ef ciency of 36.1% for the
engine [8]. Compared to an engine with the same displacement using the Miller cycle,
the ve-stroke ICE showed greater power density. It was mentioned that the knock factor
was one limitation of the performance, and that fuel with higher octane number could be
further investigated to overcome this limitation.

Downsized engines are highly relevant today, and in 2016, Li, T. et al., performed a study
to showcase whether a Miller cycle or a ve stroke cycles was bene cial for downsized,
highly boosted Sl engines [9]. Different con gurations of the Miller cycle was studied,
such as EIVC140, LIVCG6O for low load operation, and LIVC8O0 for high load operation.
The rst comparison of low load operation included a Miller cycle with EIVC140 and
one with LIVCG6O. In the studied case, the Miller engine’s fuel conversion ef ciency was
better than the ve stroke engine, but both the Miller and the ve-stroke where in turn
better than the Otto cycle engine in terms of fuel conversion ef ciency [9]. Li, T. et
al.(2016) relates this to lower pump losses compared to the original engine, 2.8% lower
for EIVC140 and 4.5% lower for LIVC60. The ve-stroke engine however experienced
higher pumping losses compared to the original engine. For the high load operation case,
the ve-stroke engine achieved a higher fuel conversion ef ciency than both the Miller
cycle and original engine. This was by the authors claimed as a result of the ve-strokes
"cooling effect of the inner expansion cylinder on elimination of fuel enriched operation”

9.

Stuart, K. et al.(2017) conducted a thermodynamic analysis of the ve-stroke engine in
2017 where the thermal ef ciency and power output over a wide range of operating points
were analyzed [20]. Stuart, K. et al. states that there has been mixed results in previous
studies regarding the ef ciency of a ve-stroke engine. Where some results state an ef -
ciency of 36% and others 30%, and that few of these studies have included in- cylinder
heat transfer and mass losses due to blow-by. The Wiebe function is used for the heat
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release analysis, as well as a 0D engine model that includes heat transfer via the cylinder
walls and mass loss due to blow-by. The results of the study showed that the ve-stroke
engine achieved an indicated ef ciency of 32%, which was an increase of 6% compared
to the Otto cycle engine that also was used in the study. overall, the ve-stroke engine
showed up to 10% increased ef ciency over a wide range of operating parameters. In
terms of heat transfer analysis, Stuart, K. et al. conclude that the 5th stroke contribute
with a large heat loss of up to 41% of the entire cycle's total loss.

There has also been several physical implementations of ve-stroke ICEs, mainly based
on modi ed four-stroke engines. Such an engine was built at Cracow University of Tech-
nology by Noga.m [12]. The engine used in this study is a four-cylinder turbocharged Sl
engine from Audi, with a power of 147 kW and a displacement volume of 1.98%1@in

A series of test results of the original engine was performed to get reference results for
the ve-stroke engine. The main re-design went into designing the cylinder head and
camshafts, as well as manifolds and the boost system. During testing, the modi ed ve-
stroke IC engine showed decreased BSFC in middle range RPM, as well as increased
speci ¢ power for the entire speed range compared to the four-stroke ICE.

2.1.3 The Olshammar engine concept

The purpose of the Olshammar engine is to further improve turbocharged ICEs ef ciency
and performance [15]. To get to the core of how this is achieved, one has to under-
stand that the exhaust gases generated from the combustion process in the combustion-
cylinders, contains a signi cant amount of energy that can be converted to work by the
turbocharger[15]. A turbochargers ef ciency is highly dependent on the mass ow enter-
ing the turbine, whereas it is advantageous if low mass ow comes in pulses, and large
mass ow in a more constant ow[15].

A con guration of the Olshammar engine, consisting of one exhaust cylinder(1) with
a sideport(23), a pipe without valve connecting the exhaust cylinder and turbine inlet(17),
two combustion cylinders(2,3), and a turbocharger arrangement (26,27) is shown in Fig-
ure 2.1.

In the low pressure (LP) exhaust cylinder, there are no intake or exhaust valves, which
differs from the concept of the original ve-stoke engine by Gerhard Schmitz [3] that has
exhaust valves on the exhaust cylinder. This difference allows for a more constant ow
to the turbine in the Olshammar engine [14]. More even ow could potentially increase
turbine ef ciency, and as a result the performance of the engine [15]. Additional perfor-
mance gain comes from the exhaust cylinder that extracts work from the pressure pulses
and therefore increases the output torque on the crankshaft. This further result in higher
ef ciency. In addition, the added exhaust cylinder also helps with limiting back-pressure
of the combustion cylinders. Since the exhaust cylinder expands while the exhaust valve
of the combustion cylinders is open, the exhaust gas is split between the exhaust cylinder
and the exhaust duct, allowing the exhaust gas to evenly distribute between the exhaust
duct and the exhaust cylinder [15].
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Figure 2.1: The Olshammar engine. 2+1 cylinder con guration with sideport.

2.1.4 Master's Thesis at KTH in 2021

After Olshammar developed the concept of the engine, it was further investigated in a
masters thesis in 2021 at the royal institute of technology (KTH) in Sweden. The master
thesis had several similarities to this project. It evaluated and simulated the Olshammar
engine using the software GT-Power which, just as Siemens Amesim, is a program that
can model ICEs. In GT-Power, a four-cylinder Sl engine was imported and modi ed to
a baseline 2 cylinder Sl engine. The baseline was then modi ed to the Olshammar en-
gine with con guration 2+1 (two combustion cylinders and one exhaust cylinder) [10].
The two con gurations were then compared and evaluated on BSFC, BP, turbocharger
ef ciency, impact on muf er and after treatment system sizing, hardware modi cation
and ywheel inertia. The project concluded that performance of the Olshammar engine
increased with boost pressure. With an absolute boost pressure of 3.5 bar, an average
reduction in BSFC with 5% and an increase of 4% in brake power were seen compared to
the baseline model for the range from 2000 to 6500 rpm.

At 3.5 bar absolute boost pressure and 4500 rpm the peak torque of the baseline and
the Olshammar engine were compared. Since the brake torque was different for the mod-
els, a normalized brake torque was used and calculated "by dividing the instantaneous
torque by the average torque value at that operating engine speed” [10]. For the Olsham-
mar engine, the normalized brake torque were 6% smaller which lead to the conclusion
that a smaller and more compact ywheel could be used. It is worth taken into account
that the normalized brake torque comparison were done at the best operating point for the
Olshammar compared to the baseline model.
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The thesis at KTH[10] states that the turbocharger ef ciency is improved as a result of the
observed smoother exhaust gas ow to the turbine for the Olshammar model. However,
there is no measurements taken from the turbocharger that supports this.

The project ends with a recommendation for future work where "diesel engines for heavy-
duty applications and large-bore four-stroke marine engines" is encouraged to be more
investigated in combination with the Olshammar engine [10]. A future developer is also
encouraged to asses the Olshammar concept for an existing engine with compressor and
turbine maps available. Lastly, the thesis mentions that using a semi predictive combus-
tion model could have some bene ts.

2.1.5 FEV Engineering Simulations

To further understand the potential of the Olshammar engine, Olshammar contacted the
consulting company FEV Sverige AB and performed new simulations in GT-Power in
October 2023. Olshammar refers to the results as very good on his website [14], they can
be seen in Table 2.1.

Engine Type BSFC Decrease (%) BP Increase (%) | Boost Pressure (bar)
Four-stroke Petrol (SI) 10.1 16.4 3.5
Four-stroke Diesel (Cl 8.2 19.2 55
Two-stroke Diesel (CI) 24.8 95.8 5.5

Table 2.1: Performance improvement for Olshammar engine compared to Baseline en-
gine

In the report where FEV engineering concluded the results, several different engine con-
gurations were tested [21]. In Table 2.2 and 2.3, the comparison of a baseline and OlI-
shammar two cylinder petrol engine with one liter in total cylinder displacement is shown.
In the D columns, the relative change in % shows that the Olshammar model performs bet-
ter for all rpm, both when it comes to BSFC and BP (exception BP at 5000 rpm for 3.5
bar boost).

Absolute | BSFC BSFC BP BP

Boost | Baseline| Olshammar | DBSFC | Baseline| Olshammar DBP
RPM [bar] [9/kWh] [g/kWh] [%0] [kW] [kKW] [%0]
2000 35 212.86 205.76 -3.34 44.73 72.79| +62.74
3000 35 207.98 188.32 -9.45| 102.14 120.44| +17.92
4000 35 211.07 190.66 -9.67| 153.12 177.59| +15.98
5000 35 218.87 199.99 -8.63| 183.74 181.19, -1.39

Table 2.2: Comparison between Baseline and Olshammar engine at 3.5 bar boost

Looking at the results from FEV raises a few questions. Firstly, there is no reasoning
about the results, they are simply published in a PowerPoint [21]. The low BSFC is also
guestionable when compared to modern real world, state of the art, engines. The simula-
tions also showed that the petrol engine could achieve lower BSFC than the diesel engine,
which seems unreasonable in comparison to existing engines on the market. Further, the
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BSFC BSFC BP BP
Boost | Baseline| Olshammar | DBSFC | Baseline| Olshammar DBP
RPM | [bar] | [g/kWh] [9/kWh] [%0] [kW] [KW] [%0]
4000 25 214.89 199.24 -7.28 109.02 122.60| +12.46
4000| 3.0 212.70 193.94 -8.82| 131.19 150.43| +14.67
4000 | 3.5 211.07 190.66 -9.67| 153.12 177.59| +15.98
4000 | 4.0 209.74 188.50| -10.12 174.43 204.21| +17.07

Table 2.3: Comparison between Baseline and Olshammar engine at 4000 rpm for differ-
ent boost pressures

choice of comparing the Olshammar engine to the Baseline engine at speci cally 4000
rpm for the boost variations is not clearly motivated, and it is not an usual operating point

to compare engines at. A more suitable range for the operating point would be 1500-2000
rpm.
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