High Pressure liqguid Ammonia Injection ?

4.Bosch solenoid injector with a convergent single hole nozzle (300 pum).
. High-pressure container, heated up to increase pressure

+.Liquid ammonia extracted from the container, cooled down to prevent cavitation + fed into
a high-pressure pneumatic pump. o
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+.Return-leakage line : pressure increased up to TMPa 1 § = ——, -vapor
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+.Injector holder with a cooling system with glycol (15°C) . ¢ * 3

> Injection pressure of 80MPa. ‘g -
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. Accuracy of vaporisation model/CFD ? Diesel model consistant ?
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Figure 3. Liquid and vapor phase penetration at infection
pressure of 60MPa NH: and diesel comparison.
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Direct injection ammonia spray characterization under non-
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Best Ammonia / Reactive Fuel injections ?
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lation. However, there iz no available experimental data for
high-pressure injection liquid ammonia spray under the thermodynamic
conditions near the top dead center, while liquid ammeonia has the rather
different properties such as significantly lower boiling point and higher
latent heat than liquid hydrocarbon fuels, causing calibration of spray
sub-models very critical for engine combustion simulation.

a a -

tion, 411 in-house pressure accumulator capable of the maximum fuel

injection pressure of 300 MPa and a single-hole diesel injector with the
hole diameter of 0.22 mm were used for ammonia injection. For the fuel

For the HPDF mode, accurate predictions of the spray mixture for-
mation processes are very critical, because the heat release rate will be
controlled by the fuel-air mixing rate. As a result, the turbulence and
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Pilot diesel-ignited ammonia dual fuel low-speed marine engines: A
ive analysis of i and high-pressure spray
combustion modes with CFD simulation
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s
manifold injection

Ammonia as fuel for ICE engines ' T

I
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« Limited by narrow flammability limits and low flame speed
 Uncomplete combustion ?
* Misfire : ignition process ? Intrinsic flame instabilities ?
« Ammonia more suitable for lower engine speeds due to its low flame speed ?

direct injection
NH3

LEE

gasious injection

J
/\

liquid injection

* One possible way to enhance mixing and thereby facilitate combustion of ammonia :

* to increase turbulence in the combustion chamber ?



Example of S| Ammonia engine

+.low flame speed + narrow flammable limits of ammonia
= combustion instability (misfire)

4. low combustion efficiency especially at low loads
= more unburnt NH,

Frigo et al. [15] investigated the cold start of a two-cylinder
engine burning NH; with an external H, supply provided by a
gas cylinder and concluded that the required flow rate of H,
Btimes larger than that of NHi. The results of thispri
work suggested that a H» sub-tank might be necessary in the
case

Cold-start emissions remain a serious challenge associated
with the use of NH; as a fuel. Specifically, unburned NHs will
simply be released into the environment through the exhaust
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Analysis of the behaviour of a 4-stroke Si engine fuelled with
ammonia and hydrogen

Stefano Frigo®, Roberto Gentili *
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Cold-start performance of an ammonia-fueled
spark ignition engine with an on-board fuel
reformer
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One solution ; increase the CR

[ Easy way : Compression Ignition engine with Spark Plug !
O Retrofit ‘current’ Diesel engine (less expensive ..)
O High Compression ratio : better for Ignition and Flame propagation

1 But
O No turbulence ? Only strong swirl motion ?
O ‘classical piston bowl : unburnt ammonia ?

Diesel architecture

Sl architecture

no TKE, no Turbulent vortices,
only big motion

TKE+ Turbulent vortices



One solution : increase the CR
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Other examples

o CRW Sl engine
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Other solutions 7

iti ?
H, addition CR increase lgnition Improvement *

HW Conf 01 : CR16 30_60 mJ 9

HW Conf 02 : CR18
HW Conf 03 : CR20

3 T T ¢ | T T
— @ CR164
~ @ -CR 184
r |- @ -CrR20
» CR 164 HV

— €~ -CR 16.4 H2 2.5%
6 |- - CR16.4 H2 5%
— A~ -CR 16.4 H2 7.5%
— 57— -CR 16.4 H2 10% ®

lowest IMEP with high voltage SP

with high CR at all engine speeds

IMEP @5 % C()\*‘;_\,'_L_‘p (b&l.l‘)
N

lowest IMEP with high voltage SP

2
’4‘% ssssssss JANTIS  Qramco -
1 ' ' ' : ' 4 /OVO| ' Of H2 at h Ig h e ng I ne Speed Effect of compression ratio and ignition energy on
1000 1500 2000 2500 3000 ammonia pre-mixed combustion process in a single
cylinder engine

Engine speed (rpm)




Other solutions 7
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Fig. 2. Schematic of various spark plug locations and flame initiation.
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Full Length Article

A novel multiple spark ignition strategy to achieve pure ammonia
combustion in an optical spark-ignition engine
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High-speed NFL imaging for various ignition cases fired at a ST of —30 CAD aTDC for 4: 1.0 case.




Visualisation of ammonia flame propagation In ICE
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