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Spark ignition Pilot ignition DME+NH3
premixed combustion premixed combustion Compression ignition
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ARE= (Research background)
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Diesel micro-pilot Ignition chamber type
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=4F1% (Characteristics of Methanol High-pressure Spray)

IMGBESZNE (Impact of ambient temperature)

O{iR400 KFIEiE800 K: FAEEFISE;
RSN S/RIRSASHEIRG.

400 K and 800 K: The morphology of

methanol and diesel sprays are similar.

Vapor 5
(ASOI 1.5 ms)

OREFRE600 K: FAEER]LASEIEIFAY
Z4, IREERPEETLIEINRYY
mwbn_b

600 K: Methanol can achieve better

evaporation, and high-pressure direct-

P I el | injection methanol can achieve good

— — WA | fuel-air mixture.

Liquid .
(ASOI 1.5 ms)

Diesel Diesel Diesel
400 K 600 K 300 K

100
Diesel Methanol
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Z4F1%E (Characteristics of Methanol High-pressure Spray)

FLiE52I (Impact of nozzle diameter)

Vapor: Penetration--Methanol>Diesel 20%-30% T _.
Cone angle--Methanol>Diesel 15%-25% |
Area--Methanol>Diesel 70%-110% &

Liquid: Affected by injection pressure and nozzle diameter.
Principles: Minimum design of methanol nozzle diameter

with maximum injection pressure.

100
100 0 0—
""" 52/\\
75 ° NN T \ l 4100
‘ 55% N
z NN\ M Aliquid, 98% o~
£ S E
= S0 liquid, D 13.7 -4 200 = 50
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25 | } / / 4 300
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L HS | RBRESPAGAF I (Characteristics of Diesel Pilot Methanol Combustion)

FREETR S F0H BUPA5E (Methanol premixed and diffusion combustion)

Methanol

Diesel Methanol Diesel Methanol Diesel Methanol

Diesel

tombustion =1.7MS tcombustion =0-5+1.8ms L ombustion =1-2MS tombustion =0-8+1.8ms
T=850 K T=900 K

REEMESMREEERINMRER, RRREXERS.
Methanol premixed combustion has faster combustion rate and more unburned
' methanol regions.

12



%‘é}ﬂﬁ |%$E§%%4§'I§ (Characteristics of Diesel Pilot Methanol Combustion)

FEETRE S A (Methanol premixed combustion)

KEHCHICOHE e . e
Large amounts of HC and CO emissions ' ooy .

¥
BERRFE 2 RARIAES

Local unburnt methanol

ASODI

Part a |

Methanol

Part b

Diesel |:

Diesel Flame




EFEE'EEEJJHLEEBQ (Test of Methanol Engine)

FREZ /S m E IR RIEAZENiRIE

Test of methanol/diesel dual-direct injection prototype engine

l Methanol |njeétor ;‘7
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Prototype engine
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Combustion mode definition
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EFEE'EEEJJHLEEBQ (Test of Methanol Engine)

CDCIRI,SDMDCIRIXIEL (CDC vs. DMDC)
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BMEP (MPa)
Red: 0.14 Blue: 0.27 Green: 0.55

Dash line: CDC mode
[ Symbol line: DMDC mode
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Combustion  Transfer
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Energy Distribution (%)
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BMEP = 0.55 MPa
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S S S
Exhaust Temperature (K)

(@)
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S

530

MSR (%)

Thermal Efficiency: 25% load--DMDC<CDC; 100% load-- DMDC>CDC 10%
Exhaust/Heat losses: 100% load--DMDC<CDC 10%
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$E§§ﬂ]*ﬂﬁt5ﬁ (Test of Methanol Engine)

BMEP(MPa)

Red: 0.14 Blue: 0.27 Green: 0.55 » HC: Low load 1 several times

Full load | 5%

» CO: Low load 1 several times
Full load | 50%

» NOx: l 60%

» soot : | 99%

» CO2: Full load | 19%
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$E§Eﬂ]*ﬂﬁtgﬁ (Test of Methanol Engine)

DMDCHRTUIEETIERSEHSE ( Injection Timing in DMDC mode)

NOy (2/kW-h)

CO(g/kW-h)

(o]
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DMDCIER, o] PAF R &= {=E
ITERRER, FEEBENE
« DR COFI THC LA B NOx
e HER

DSOI (°CA ATDC)

THC@AWS) ., DMDC mode can obtain the
- best ITE with relatively less
CO, THC and NOX emissions.
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i

-
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FAEE Z TNt 5S8 (Test of Methanol Engines)

DMPDCIRILEIHZE (DMPDC mode)

ARIFRIESIIERS (Filkgs SEb10%) ARTRlESS GEL (FlRSIIERT-50 °CA ATDC)
Different pre-injection timing Different pre-injection ratio (pre-injection
(pre-injection ratio=10%) timing=-50 °CA ATDC)

40

40

Straight line: DMDC mode

Straight line: DMDC mode
Symbol line: DMPDC mode

Symbol line: DMPDC mode

BTE (%)
n

BTE (%)
.

30 1 1 1
-100 -80 -60 -40 -20 0 10 20 30 40

Pre-timing (°CA ATDC) Pre-ratio (%)

DMPDCHEIVIEXIDMD CIRIV R ERBIRF S %
Thermal efficiency: DMPDC>DMDC 5% 18
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ﬁﬁg*ﬂ%%#%’[iﬁﬁ% (Characteristics of Ammonia Spray and Combustion)

RBMRELFIE (Characteristics of liquid ammonia spray)

Time after start of trigger

0.40ms 0.45ms 0.70ms 0.95ms 1.20ms 1.45ms 1.70ms 1.75ms

el ) |

End of injection

Diesel

]

Ambient temperature and pressure:300K 1.5MPa
Injection pressure:50MPa; Injection signal pulse:1ms

SRR :

(a) Liguid phase spray images

80 64
70+  —— Diesel 56 —=— Diesel
s —=— Ammonia *— Ammonia
E60 @48
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2 40 232
@ =4
o <
230+ =24
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w20} @16}
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10+ 8k
0 / 1 1 1 0 L 1 1
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0
Time after start of trigger (ms) Time after start of trigger (ms)
(b) Spray tip penetration (c) Spray angle

'3““’5!"‘1%1’51:3 EIESMER, RRAREREF
BEX. MRS

At the initial stage of injection, the spray penetration of
liquid ammonia is larger and the spray cone angle is
smaller, compared with diesel spray.

IBELRNE, RAELR, SEEENESEFIENSEANRSHRA,

At the developmental stage of spraying, liquid ammonia evaporated quickly, resulted in
shorter spray penetration and larger spray cone angle, compared with diesel spray.
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ﬁﬂfgﬁﬂ%ﬁ# IEEH?‘E (Characteristics of Ammonia Spray and Combustion)

RRAMEYFHE (Characteristics of liquid ammonia spray)

]

400k 2MPa 600k 3MPa 800k 4MPa 300k IMPa 300k 1.5MPa 300k 3MPa
0 — 0 —
24.5 — 245 =
49 — 49 —
73.5 — TS5
= BRI 98 —
= L
] 123'5 B ,{ﬂﬁ L|qu1d phase 1225
g T D MIRZEHEN, EEEREMNEDNRES,
3 B BEESHEREPMERFIENREIRZERSE
475 — SEETN, BERSKREIFENIRZEARE
el %ﬂiﬁll\o
' Liquid phase spray penetration and spray area
95 — decreased dramatically with the increment of
1187 ambient pressure and temperature.

| —UFH Vapbr phase - 21



ﬁﬂﬁg*ﬂ%ﬁ#%’[iﬁﬁ% (Characteristics of Ammonia Spray and Combustion)

RN BRI R iE

(Visualization study of ammonia diffusion combustion)

Photron FASTCAM Mini UX100 type 800K-C 10000 fps Photron FASTCAM Mini UX100 type 800K-C 10000 fps

1/40000 sec 640 x 488 Start
frame : 29 +29ms Date : 2022/11/8
Time: 17:24

1740000 sec 640 x 488 Start
frame : 29 +29ms Date : 2022/11/8
Time : 17:40

D e v i v FaY i :"« ) ] \"'\
X 5% (Premixec b n) ).

e

REHNIRIERP, JRSIRRRERT SIARRBMMRERIR. MIREEESHINE.
Ammonia diffusion combustion has advantages of high combustion rate and combustion

efficiency.



ﬁ%ﬁ*ﬂﬂﬁﬁ% (Ammonia combustion mechanism)
* RERE R BNIBFINO L L SiE R 2

(Ammonia combustion mechanism and NO generation and reduction)
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5. EERINAISREMELBY, HXERIERNOREFR RRIRPNOL R SiEFIZ T2

1. ART7AS. S/(RKESHERERECCFRME, lEES.
2. RMRDIENMFEBENOE—XMER, HNIEREEYHE/RSIERIIIE.

Meng, X., et al., Understanding of combustion characteristics and NO generation process with pure ammonia in the pre-chamber jet-induced
ignition system. Fuel, 2023. 331: p. 125743. 23



yiﬁﬂﬁﬁﬁiﬂm.ﬁﬁ?ﬁ (Ammonia/diesel dual-direct-injection two-stroke engine )

BIFRIRIARIREAET, (Different combustion modes)

8 400
50% of maximum energy input
Energy substitution rate from ammonia: 50%
A50_-16 ATDC —_
6 —— A50 -8 ATDC 300 @
— | —As0_ 0ATDC Q
e A0 J =
Q
= / 200
5 / 3
n ©
7} / o}
4] 4 -
o 2F / 100 &
' @
[}
o= 0
Diesel injedtion duration ._____-;-_ ..-——Arlnmonia inject}'Jn duration
-50 -25 0 25 50

Crank angle (°CA ATDC)

Fig. 8. Cylinder pressure and apparent heat release rate (AHRR) under the

conditions of different ammonia injection timing.

BIETBEAFI YIRS IR R =G CAEIROTHR SR BURRELS, SCIRERST EFiR SRR

Stratified premixed combustion and diffusion combustion can be achieved respectively by adjusting

ammonia injection timing.

50

1] w B
o o o

Combustion duration (deg)

-
o

—v— ITE_A50

I Combustion duration_A50

Combustion duration_A0
-8

{40

4130
125
0

ITE (%)

-16

Ammonia injection timing (*CA ATDC)
(b) Combustion duration and ITE

Zhang, Z., et al., Performance characteristics of a two-stroke low speed engine applying ammonia/diesel dual direct injection strategy. Fuel, 2023.

332: p. 126086.
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yiﬁﬂﬁﬁﬁih*nﬁﬁ% (Ammonia/diesel dual-direct-injection two-stroke engine)

R
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S (Constant speed characteristics)
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WEIEEIVHEALLRIBER, RAEESHER
HERY, (BFEfEHIRE=HEL.

Compared with diesel mode, dual-direct-injection mode has higher
thermal efficiency and dramatical CO2 emission reduction, even
though the ammonia emission need to be controlled.

v/‘/\v

e ——

ITE-DUAL_FUEL

I Combustion Duration-Diesel

Combustion Duration-DUAL_FUEL

Engine load (%)

EEREE=

) w & o
N [*)} [ere) (=)
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—
[\S]

[w)

AR
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yiﬁﬂﬁﬁﬁﬂlm.ﬁﬁ?ﬁ (Ammonia/diesel dual-direct-injection two-stroke engine)

70% 5 R FANEREYFIE (Fixed rack characteristics )

4 100
=7~ CO2HEIHK &
) g it %
3L 7 7 175
- %
S % 9
i -
I 150 &
3 e -
S| H— .
1+ 125
0 1 1 1 1 0
350 400 450 500 550
3% (rpm)

(RIEENRIEHERARR T, AEMEREZIEEEE.
Higher operation speed can be achieved if guaranteeing the
corresponding ammonia injection rate.
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yiEﬂEﬁﬁﬂJ*nﬁH% (Ammonia/diesel dual-direct-injection two-stroke engine)

B aiRE/ S HWER iz R

(The first Ammonia/diesel dual-direct-injection two-stroke protype engine)
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Lower pollutant emissions
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This is to certify that the innovative design principles in the following products designed by the designer stated in the
certificate arc feasible, and can meet the requirements of the standards listed below in principle.
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Dalian University of Technology 4 E mm ) mﬂ% =
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No.2 Linggong Road, Ganjingzi District, Dalian City, Liaoning Province, P.R.C.
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SRS IR FLUURUL BB A | Excellent power performance | Higher thermal efficiency

Jet Controlled Ammonia Combustion Technology

in Direct-injection Ammonia Engine
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%iﬁ(Conclusions)
.

1. FRESH BURGRELSRIET SRR IR, S HFRERT BUNRIEVRE
B =AY 3R RAGRASIE.

The diffusion combustion rate of the DMDC mode is higher than that of the CDC mode,

and the DMDC mode has advance in high efficient and clean combustion.

2. RAEE BtREER EE RS RRNRGEEFH R,

Liquid phase ammonia direct-injection diffusion combustion can improve the combustion

rate and efficiency dramatically.
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