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GREATER CHALLENGE

40% by 2030

0%
by 2050
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Carbon Intensity Index

Energy Efficiency Design Index
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GREATER CHALLENGE

To AlternativeFrom Conventional
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Short term solution

Medium-Long term 

solution 



X
 
 
 
T

H
E

 
F

A
C

U
L

T
Y

 
O

F
 
E

N
G

I
N

E
E

R
I
N

G

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.

▪ It 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-H2 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 NOx

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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Type Wartsila 9L46C

Max Power Output 

[kW]

10500

Maximum Speed [rpm] 500

Number of Cylinders 9

Compression Ratio 14.0:1

Bore x Stroke [mm] 460 x 580

MARINE ENGINE CFD MODEL

Validation
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MAIN AIM

Deliver a comprehensive understanding of 

methanol & hydrogen combustion in marine 

engines under various conditions
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METHANOL COMBUSTION
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STUDY-1
Port VS Direct Injection of Methanol 



X
 
 
 
T

H
E

 
F

A
C

U
L

T
Y

 
O

F
 
E

N
G

I
N

E
E

R
I
N

G

METHANOL COMBUSTION

METHODOLOGY
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METHANOL COMBUSTION

RESULTS

Combustion propagation and NOx generation contours 
for 50%M-PI case

NOx formation tendency for 
50% MEF 
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METHANOL COMBUSTION

RESULTS

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

combustion were exhibited with MEF, limiting the upper MEF to 50%.

▪ Marine engines operating with port methanol injection at 50% MEF present

significant benefits reducing NOx emissions by 30.5% compared to the diesel

mode.

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

efficiency pertinent to diesel operation (41.6% for 50% MEF).

▪ Premixed combustion method is preferred for retrofitting existing engines as

fewer modifications are required in the engine head and manifolds.

▪ Direct methanol injection demonstrates stable combustion (RI within the

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

higher decarbonisation levels are required.



X
 
 
 
T

H
E

 
F

A
C

U
L

T
Y

 
O

F
 
E

N
G

I
N

E
E

R
I
N

G

STUDY-2
90% Methanol Marine Engines - Optimisation

𝑂𝐹 𝑈𝑀,𝑅𝐼, 𝐶𝑁𝑂𝑥 =

𝑈𝑀 < 5 × 10−5 𝑘𝑔

𝑅𝐼 < 4
𝑀𝑊

𝑚2

min 𝐶𝑁𝑂𝑥
𝑔

𝑘𝑊ℎ
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METHANOL COMBUSTION

RESULTS

• Optimal Injection Settings:

• Pilot Diesel: -12 CA TDC

• MeOH: -80 CA TDC
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STUDY-3
Low Load Methanol Combustion

Methanol Injection 

During Compression
High Pressure 

Pilot Fuel Injection

High Pressure 

Methanol Fuel Injection

1.

2. 3. 4.
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METHANOL COMBUSTION

RESULTS

• Stratified Injection offers Ultra-low 

NOx 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
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METHANOL COMBUSTION

RESULTS

▪ 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 III

limits.
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HYDROGEN COMBUSTION
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STUDY-1
20% H2 in marine diesel engines
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HYDROGEN COMBUSTION

In-cylinder hydrogen and diesel mass fraction variations.

RESULTS

▪ 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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STUDY-2
Operating Window of H2 combustion
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Collaborations Publications
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