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ABSTRACT
The hydrogen argon power cycle (HAPC) is the next big thing for the energy sector. It offers a

groundbreaking approach to achieviagroemissionand high-efficiencypower generation by
leveragindghydrogen'sclean burning properties anld NH &uperi€ thermodynamic character-
istics. This study investigates the integration of HAPC intoealium-speedWartsila (W6L20
2STC) engine, utilizing odanensionalmodellingin GT Suite software tanalyseand investi-
gate the engine performance across a range ofrapeg conditions.

The thesis investigates critical parameters influencing combustion dynamics, efficanty
emissions in thelosedloop W6L202STC engine modelhese parameters include variation in
Argon to Oxygen ratios (mixture composition), the use of alternative inert gases (e.g., argon,
helium) as diluents, compression ratios (CRs), exhaust back pressure, tixfigelatios, and
hydrogen fuel impuritiesThe study combines a comprehensive literature review on the Argon
power cycle (APC) withdetailedW20 engne model simulationA sixcylinder closedoop sim-
ulation modelwas developed in GSuitefor HAPC operations based on a fully functional and
rigorously validated W6L2BSTC engine model obtained from Wartsilde turbocharger was
removed, and a new condenser was introduced to separate flom theHAPCCycle for a
controlled environment evaluatioriThesimulations were conducted across variqaegameter
sweeps to systematically examine their impactkAPGengineand systenperformance. This
thesisprovides critical insight into optimizing HAB&sed engine systents improveits perfor-
mance andenvironmental impactsThe integration of a valued simulation model with literature
findings offers a robust framework for advancing sustainable engine technology.

Results reveal that replacing air wahargonand oxygen mixture a closedoop configuration
enhances thermal efficiency compared to statethe-art marine engines. Theimulatiors de-
pict anoptimizedefficiency reacing 58.04% while eliminatinhlO, emissiors completelydue to
the absence of atmospheric nitrogen. The integration of essential components such as water



condensers andn ejector, oxidizers, anfiiel injectorsensurea closedoop operation that con-
serves argon and maintains high system efficiencgsé&bystemlevel simulationoutcomes
were criticallyanalysedwith the design constraints of the closéobp HAPC system for the W20
engine while consideringrealworld implementation scenariosAn optimal argonto-oxygen
mixture composition for the closelbop HAPC was identified as 90% to 88% argon with 10% to
12% oxygen, achieving an effective balance between power output, efficiency, and engine du-
rability. A compression ratio of 11.90 was foundnaximizethe engine efficiency while stoichi-
ometric mixtureg< I')with anexhaustback pressure after the edenser of 3.23 bagnhanced
combustion performancevith rather than borderlinethermalloadlevels Furthermore, impuri-

ties in hydrogen, such as dilution wi28onitrogen, have beeshown tosignificantly reduce in
cylinder pressure andombustion efficiency over time in consecutive simulation cycles, indicat-
inga miserable decline iIHAPC:fficiencygains over conventional agycles

This studyhighlightsHAPGs a sustainable energy solution, offering superior efficiency and en-
vironmental benefitoverconventionalair cyclesHAPC has the potential toidgethe gap be-
tween renewable energy storage and flexible power generatibile supporting global decar-
bonization and clean energy goals. The findifige this thesis worlcontribute towardsthe
development ofsystemlevelunderstandingof the HAP@ower systems.

KEYWORDZEM, Integrated HydrogegArgon Power Cycle (iHAPC), Clewag system,

Wartsila W20 engine, GSuite 1Bsimulation,dean energyZero exhaust
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Start of Process

¢

Research Design: Mixed Methods

L ! Methads? )02
¥ ¥

Performance Metric Efficiency Benchmark Analysis Qualitative Methods

Interviews with Experts

v

Review of Relevant Literature in HAPC

v

Comprehensive analysis and testing of Wartsila W6L20-25TC mode|

v

Data Collection

225 Baseline Data Collection? ™%

L
Wrtsild W-20 Single Cylinder Research Engine Conversion L)
Y
Restart

Analyzing Data and Validation

A J
Literature on Constraints

Y

Tools and Techniques

ry—“" Model Preparation? ﬁ"“

)
Convert Six-Cylinder GT-Suite Model to Single Cylinder Model @
¢ Restart

Ensure Key Parameters Match

fﬂ Open Loop Conversion? ﬁ\

Convert DF Engine Model to Open Loop HAPC \,

v

Adjust Intake Pressure and Temperature

v

Fuel Energy (adjust)

1

Restart

v

Closed Loop Preparation

v

Yf— Validation with Six-Cylinder Baseline? >0
}‘)

Analyze Data with Six-Cylinder Baseline Turbocharger Model

v

Focus on Total Trap Mass at Cycle Start

v

Ensure Model Reaches Steady State

v

Verify Thermodynamic Laws

1

Restart

v

Final Model Conversion

*’F Investigate Hydrogen Argon Power Cycle? >0

Analyze Performance Metrics (.)

v

Investigate using GT Suite Simulation

[ |
&

End
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Calibration & Validation of Model

iStEpl Step 1: Analyze W6L20 performance

Review technical documentation

v

Understand engine limitations

Remove turbocharger

v

Use same fuel, load, & combustion modeling

v

Validate with six-cylinder engine data

lstepi Step 3: Validate single-cylinder model

Check in-cylinder pressure

¥

| Ensure same energy output

S 2

Match six-cylinder model results |
L

& trap mass

Step2 : Step 2: Build single-cylinder W20 DF engine

ftepd Step 4: Convert to Argon-Hydrogen cycle

Introduce Argon as

v

| Use Hydrogen as fuel |

v

Maintain constant trapped mass & fuel energy

working fluid

lsteps Step 5: Develop closed-loop APC model

Add condenser, water ejector, & intake pipe

¥

Implement fuel injection system controller

v

Validate with Wartsila data |

lStEPE Step 6: Integrate APC into Six-Cylinder W6L20 engine

Calibrate hydrogen & oxygen injection controllers

v

| Ensure same trapped mass & fuel energy

o
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| Develop W20-SCRE GT-Suite model |

v

| Obtain experimental data from Wartsila |

v

Experimental data includes:

- In-Cylinder pressure

- Trapped mass

- Fuel energy entering cylinder |

v

Yes " Mo
Run Simulation, in-cylinder pressure matches experimental values?
o o h
or 67

.
| Adjust model parameters |

P - - -
| Model is considered reliable | | Adjust and recalibrate the model | l
. A N -
l | Repeat validation process
I ™, rd Y h g
| Evaluate trapped mass and fuel energy input under different load conditions | | Repeat validation process

¥
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| Ensure consistency between experimental and simulated data |

v

[ Validate the simulation approach \

| calibrate the model using: |
- Boost pressure

- Trapped mass
- Fuel energy input

. oy

| Model is validated and ready for further investigation |
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[ m odel is ready for further investigation |
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=) Inputs
S| Wiebe Burn Rate & Comparison
ey Anchor Angle (typically at 50% Burn) 9
i Duration (Typically from 10% to 90%) 20
H Wiebe exponent 1.5

Combustion efficiency 1

Burned Fuel % at Anchor Angle def
| | Burned Fuel % at Duration Start def
T * Burned Fuel % at Duration End def

» Same Burn rate spike

» Burn rate from cylinder pressure

- ¥» Matches burn rate to heat release

THETA Burn Rate
from measured cylinder pressure -20.361 0.000
-19.861 0.001
-19.362 0.001
-18.862 0.000
-18.362 0.000
-17.863 0.000
-17.363 0.000
-16.863 0.000
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Load 50% (Max: 6.4627, 0.0746)
Load 75% (Max: 4.4605, 0.0661)
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