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GREATER CHALLENGE
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METHANOL CHALLENGES

= High auto-ignition temperature, resulting to enormous CR needed.

» Increased Toxicity.

* Increased storage tank capacity comparing to diesel but still less than other alternative fuels.

= Updated regulatory framework.

= |t has lower kinematic viscosity than diesel, so lubrication additives have to be used with methanol.

= Safety precautions due to low flammability.
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HYDROGEN CHALLENGES

= Current production methods are very energy intensive.
= For compressed liquid storage, requires 10 times more space than diesel.
= Explosion risk of high-pressure hydrogen tank.

» Low flammability

According to Literature:

*for heavy-duty diesel-H, dual fuel engines

-Higher burning rate — Increased in-cylinder P
-Lower CR, leaner mixtures, injection timing —— Knock mitigation
-Longer combustion duration

-While CO and HC reduce significantly, high T is required — Increased NOXx

Dimitriou, P., & Tsujimura, T. (2017). A review of hydrogen as a compression ignition engine
fuel. International Journal of Hydrogen Energy, 42(38), 24470-24486

Kumar, V., Gupta, D., & Kumar, N. (2015). Hydrogen use in internal combustion engine: A
review. International Journal of Advanced Culture Technology, 3(2), 87-99
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MARINE ENGINE
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MAIN AIM

Deliver a comprehensive understanding of
methanol & hydrogen combustion in marine

engines under various conditions



ONIHIIANIONT 40 ALTNOVH IHL X

METHANOL COMBUSTION
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STUDY-1
Port VS Direct Injection of Methanol

Port Injection Direct Injection

injector injector
exhaust valve intake valve X exhaust valve
Diesel %Diesel
combustion - TDC combustion - TDC MethanOI
chamber i _ chamber i _
piston | ¢ piston

- - —| BDC - — -| BDC
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METHANOL COMBUSTION
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COMBUSTION

RESULTS

NO, formation tendency for
50% MEF
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Combustion propagation and NO, generation contours

for 50%M-PI case

Methanol Mass Fraction

Temperature Distribution

NO; distribution

1+CA

Methanol combustion inftiation

Diffusion flame at 2600 K
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HRR (J/CA")

' UNIVERSITY of STRATHCLYDE
COMBUSTION A ; MARITIME SAFETY

RESULTS RESEARCH CENTRE

HRR for different cases =  For premixed combustion cases, increased in-cylinder pressure and unstable

(a) —BL ) ——BL

— D ] — 2 combustion were exhibited with MEF, limiting the upper MEF to 50%.

20000 4 ——M8D-D1

15000 — 15000 —

casmd casratin vin M7 i cntesin e - V| grine engines operating with port methanol injection at 50% MEF present

Case CASD [ATDC CA°] | CAQO [ATDC CA°)
BL 146 0.8

s significant benefits reducing NOx emissions by 30.5% compared to the diesel
SIS SE mode.

10000 — 10000 —

HRR (J/CA")

5000 4 5000 ~

=  For premixed combustion cases, the marine engine exhibited lower thermal

T T T T T ] T T T T T 1
-20 0 0 40 60 80 100 -20 L] 20 40 60 80 100

© A — 10 "cA _— efficiency pertinent to diesel operation (41.6% for 50% MEF).

— SMS5D-P1 — 8§M2D-DI
50000 —— 5MSD-DI ——9MID-DI
£0000 —9.5M0 5D-DI

=  Premixed combustion method is preferred for retrofitting existing engines as

40000 —

60000 -

fewer modifications are required in the engine head and manifolds.

&

2

=]
HRR (J/CA")

40000 -
20000

= Direct methanol injection demonstrates stable combustion (RI within the

20000
10000 - 20000

acceptable limits) behaviour at 95% MEF, and hence it is preferred when

S0l

® ¢ @ e @ w0 w0 B & & ® W higher decarbonisation levels are required.
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STUDY-
0% Methanol Marine Engines - Optimisation

DESIGN OF SIMULATIONS REPORT

[ CFD Model for 90% MEF ]

Parametric Investigation on Methanol
Engine Design and Initial Conditions
Ringing Intensity

of CR & Ty Combustion Occurrence Limitations

Effect of Compression Ratio Variation
Effect of Temperature at IVC*

Decision Process and Reasoning

= . = .ﬁ o
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B

*IVC= Inlet Valve
Closing

Variation of Methanol & Pilot Diesel “‘
Injection Timings #'1 Peak In-cylinder Pressure Unburned Methanol CO concentration !

S N
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X Sampling Method |- ol \ * N '
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X -, Vot \ o i
X A \ :
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Objective — 1: NO, emissions ' J

Selection Process of the
Optimal SOI for Methanol and
Pilot Diesel Fuels

l

[ Objective — 2: IMO Compliance
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In-cylinder Pressure (bar)

COMBUSTION

CH,;0 mass fraction

RESULTS
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 Optimal Injection Settings:
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STUDY-3

Low Loaq Methanol Combustion

methanol
Il diesel
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METHANOL COMBUSTION

RESULTS

i Single Injection

360 370 380 390 400
Tiye (K)

Three Stage Injection

CR

Tive (K)

Two Stage Injection

T L]
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Stratified Injection
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NOx (g/kWh)
16

14

13
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MARITIME SAFETY

A" UNIVERSITY of STRATHCLYDE
“&)” RESEARCH CENTRE

« Stratified Injection offers Ultra-low
NOXx emissions

« Two-stage injection strategy allows
complete combustion and accepted ITE
for initial temperature > 370 K or CR > 16
» Three-stage injection strategy is

non practical as NOx emissions increase
significantly due to combustion duration

increase.
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STUDY-4

Variable Compression Ratio

Cylinder Head _

Piston

(a) 3D computational mesh at TDC

Low-GCR

Cylinder Head Position

o'
)

/ Onginal

- — ————————Je{ Cylinder Head
\ Position
A\
High-GCR

Cyhinder Head Position

4

A

o Q o o 0'.0
S N & o X
Load

@ Main Simulation Points

+ Intermediate Simulation Points

* BL case is the DF operation under fixed CR.

CR of the baseline case*
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RESULTS

Variable Compression ratio

Quenching effect
of methanol

ey '-'-

15 °CA TDC

\

40 °CATDC

)

set T> 1800 K

‘e

deNOx process

50%

90%

Variable compression ratio engine
provides  improved  thermal
efficiency across all examined
loads.

NOx emissions of the VCR
engine increase at medium and
high loads.

EGR of 20% at high load, allows
compliance with IMO, Tier 1l
limits.
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HYDROGEN COMBUSTION
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STUDY-

0% H, in marine diesel engines

Gnid
Dependency
Study

f’ __________________________________________________ \\

I I .
:r Diesel Direct H, Port Injection 7CFF)1M°d31 E" “““ (])3 nglr;es
- Injection Diesel Direct Injection Development | perating
! — Envelope
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N === —_ e e e e e —m e —m - —m————— ==

Experimental
Validation

Parametric
Studies

Marime
Engine
Operating
Conditions

Comparative Assessment

S

PROC
RENCE ON MODELLING AND O

M e S ES 4TH INTERNATIONAL CO

Diesel Substitution with Hydrogen for Marine Engines

Panagiotis Karvounis, Gerasimos Theotokatos

Maritime Safety Research Centre, Department of Naval Architecture, Ocean, and Marine Engineering,
University of Strathclyde, Glasgow, Scotland, United Kingdom
* Corresponding Author panagiotis.karvounis@strath.ac.uk

Abstract

Zero-carbon fuels are expected to catalyse the decarbonisation of the maritime industry, with hydrogen being considered
a long-term solution. This study aimed to investigate the feasibility of using hydrogen as a secondary fuel in marine diesel
engines. A marine four-stroke engine with a nominal power output of 10.5 MW at 500 rpm was investigated, whereas the
hydrogen injection at the engine port was considered. A CFD model was set up in CONVERGE for both diesel and the
diesel-hydrogen operating modes to investigate the effects of 20% hydrogen fuel fraction (by energy) on engine
performance, emissions, and combustion characteristics. This model was validated against experimental data for the diesel
operating mode. Based on a parametric study, the mesh characteristics were selected to compromise between the
prediction error and the computational effort. The impact of 20% hydrogen energy fraction on the heat release rate (HRR)
and NO; emissions is comparing with the diesel mode. The results demonstrate that despite the reduction in carbon
emissions when using hydrogen. the NOx emissions increase by 2.5 times, whereas the lower compression ratio allows
for engine free-knock operation. This study contributes to the identification of efficient and reliable combustion conditions
for diesel-hydrogen dual-fuel marine engines.

Keywords: CFD model, Hydrogen, Combustion, Marine engines, Decarbonisation.



X

ONIHIIANIONT 40 ALTNOVH IHL

21

HYDROGEN COMBUSTION
RESULTS

In-cylinder hydrogen and diesel mass fraction variations.

-3°CATDC

0.005 5°CATDC

0.004
0.003
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0.001 \
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0.01 38e00
0.009 -
0.008 “09
0.007 £o

£.05
0.006 cao
>
o
A
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WZ UNIVERSITY of STRATHCLYDE
A ‘ MARITIME SAFETY

)7 RESEARCH CENTRE

20000 v T T T T T T T T T
Region of H, combustion —— Diesel
Duaal Fael L o 0011
= Mmsof Hy .

16000 -

12000 -

2 (ke)

H

HRR (JICA)

2000 4

1000 =

- + 0.000(
80 100

Hydrogen knock free combustion is plausible under reduced CR in

marine engines
Hydrogen combusts after the diesel start of combustion

Temperature in-cylinder remains above the NOx cutoff threshold for

longer time increasing NOx concentration

Indicated thermal efficiency reduces by 2% as heat transfer losses

increase under hydrogen operation
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Load

STUDY-2

Operating Window of H

A
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Misfire

Load

I | — :

Step—1
Engine Characteristics

"’/ Step—2 \\":

Diesel Direct Injection

Step -3 \

Grid Dependency
Study

v

Step—4
Experimental Validation
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Cylinder Head: S30K 1
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Step—6
Design of Simulations
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Hydrogen Dual Fuel
Engine Operating
Window

A



X

ONIHIIANIONT 40 ALTNOVH IHL

Collaborations Publications

Contents lists available at ScicnceDircct
Environmental-economic sustainability of hydrogen and ammonia fuels for

WI n t e r t h U r Ga S & D i e Se[ short sea shipping operations

Panagiotis Karvounis , Gerasimos Theotokatos, Evangelos Boulougouris

International Journal of Hydrogen Energy

ELSEVIER journal hemepage: www elsevier.com/locatethe

LJ]

Ghack for
posins

Maritime Safety Research Gentre, Department of Naval Architecrure, Otean, and Maring Engieering, University of Strathclyds, Glasgow, G4 OLZ, Unired Kingdom

energies [P

Review
Methanol Combustion Characteristics in Compression Ignition
Engines: A Critical Review

Panagiotis Karvounis ', Gerasimos Theotokatos *(, loannis Vlaskos ? and Antonios Hatziapostolou *

energies M)

Article
Environmental-Economic Analysis for Decarbonising
Ferries Fleets

Gerasimos Theotokatos *(*, Panagiotis Karvounis and Georgia Polychronidi

University of
Joumal of

Marine Science K\
and Engineering MD\py
& frontiers | Frontiers in Mechanical Engineering 28 November 2022
asgow Article 10.3389/fmech 2022 994942

Ship Power Plant Decarbonisation Using Hybrid Systems and
Ammonia Fuel—A Techno-Economic-Environmental Analysis

Panagiotis Karvounis, Joao L. D. Dantas, Charalamp pris and G i Th k H

(® crece oo Recent advances in sustainable

' UNIVERSITY of STRATHCLYDE
A ; MARITIME SAFETY and safe marine engine operation

~)” RESEARCH CENTRE Gmmao ... With alternative fuels

Greece
Panagiotis Karvounis, Charalampos Tsoumpris,
Maxim A. Dulehenets, Evangelos Boulougouris and Gerasimos Theotokatos*
Florida Agricultural and Mechanica
University. United States
vica Ancic,
University of Rijeka, Croatia




|

KREERNINEIOVE]

THANK YOURER:

PANAGIOTIS
KARVOUNIS

PhD — Candidate, Research Assistant




