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Effects of Partial Pre-Decomposition of Ammonia Fuel on Combustion and
Greenhouse Gas Emissions in a Pre-Chamber Jet Ignition Ammonia Engine

GAO Yuanxin,FENG Yongming, WANG Yusong,ZHU Yuanqing
(College of Power and Energy Engineering, Harbin Engineering University, Harbin 150001, China)

Abstract: Based on an ammonia engine system that utilizes exhaust gas waste heat to achieve partial
fuel pre-decomposition, an ammonia decomposition reactor simulation model was established, and numerical
simulation of a pre-chamber jet ignited large-bore marine gas engine was carried out on the basis of model-
predicted ammonia conversion rate. The impact of fuel decomposition ratio on the combustion of pre-chamber
ammonia engines and greenhouse gases (GHGs) emissions were investigated. Furthermore, oxygen
enrichment measures were implemented in the low decomposition ratio case, characterized by poor engine
performance yet stable ammonia conversion rates in the decomposition reactor, to investigate the impact of
oxygen enrichment conditions on ammonia engine performance. It is found that the increase of both
decomposition ratio and oxygen volume ratio contributes to the enhancement of fuel mixture combustion, with
the indicated thermal efficiency of the engine reaching 48.98% and N,O emission reduced to 0.39 g/(kW-h)
at 7.5% decomposition ratio, while similar engine performance can be achieved by increasing the oxygen
volume ratio to 27% (2.5% decomposition ratio). However, the significant increase in NO, emissions may
limit the ability to achieve better engine performance by further increasing the decomposition ratio and oxygen
volume ratio. In addition, the maximum reduction in GHGs emissions in the 10.0% decomposition ratio case

is estimated to be about 64. 2% through full life cycle GHGs emissions.
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Figure 1 Schematic diagram of partial fuel pre-decomposition
ammonia engine system and decomposition reactor

structure
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Table 1 Basic parameters of 8M23G pre-chamber engine
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Figure 2 Three-dimensional calculation model of the engine
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Figure 3 One-dimensional simulation model of the ammonia

decomposition reactor

1.2 #HERWIE

T B AR AR BILGRE Bl AR e a0 19 A
PE 5 2 T f T ) UF ELRAL BEAT B E . A SCHE
100% THLF W KAR SR sl AR T34 21 1Y
SRS, A 4 R . SRR, =
Y7 H A G N R 5K 25 R & R AT, p BB
AN IR B R 224 5% KL .

——

8
6
E g4l
2
;!

300 320 340 360 380 400 420 440
ihAe f /()
B4 10096 G T 07 BT 5 A4 AT R X H
Figure 4 Comparison between simulation calculation results

and experimental values under 100% load
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Figure 5 Comparison of mechanism-predicted and experimental
values of ignition delay time, laminar flame velocities

and molar fractions
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Figure 6 Comparison of ammonia conversion rates predicted
by the one-dimensional simulation model and

experimental values
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Table 2 Setting of decomposition ratios
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Table 3 Setting of oxygen volume ratios
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Figure 7 Effects of temperatures on ammonia conversion

rates under different decomposition ratios
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Figure 8 Variation of fuel mass in the pre-chamber under

different decomposition ratios
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Figure 9 Variation of pressures and heat release rates in the

main chamber at different decomposition ratios
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Figure 10 Flame propagation in pre-chamber under different

decomposition ratio cases and different crankshaft angles

FRRE G R RGBT B R, RS
4 LA 1 B R KORE SEI  A T O B e T X 5K
BAF ST 11 T B S0 A e T T BT PR R R Xk
B T EBRENREram, XEhFERE T
1o 24 SR B T LA S b 4R 1 TR A A BN T
it I EL A TP KON A R A KA T 32
R P RRE

Bl 12 S 24 A L X 32 B8R = 00 R 56 e 2k 0 R
CAS0 f52m . ASCH ,CA10.CA50.,CA90 43 5 %
R e B v BRI IR B 1026 .50% .90 %
Xof N7 F) i il A 2 L SOT Ty 5 T R I %6 7 Y
Al f 00 RE R BE R S 43 U A I (SOT—
CA10) F1 FE 4 H (CA10—CA90) . MK o] DL F
Y Bt 2 S A B A G T, SRR b 1 TR R S R AR
w g . o, PR AR A S WS T A
AR N o F R0 AR b 2 TR Ry A L 91 1) 3
e T EME DA SRS TIRAR
PR KN A 78 55 3 — a5 0 T MR b 1 AR A 58 Y
2. 5% S LB St AN B A1 o IR 30 1 A 1k )
S W T U E b H 5 R R R R G KO
TG 1A 3] — 2 A E RO (X A S 3 A 32
FRIBHABREWAN L, X — SfER 7 Pl UE
o A, R CAS0 o N BLAR L] 0% 7 %
T 25. 0" ATE] 10. 0% A o9l 7 619 15. 97,3
1 23 B o AR T & S AL A g



(o)

2 WO oL TR

2025455 344

O
D
D
>

@0N210, 1.0° (b)ON210, 6.0° (¢)ON2IO, 11.0° (d)ON21O, 16.0°

®
D
>
8

(©2.5N210, 1.0° (f)2.5N210, 6.0° ()2. 5N210, 11.0° (h)2. 5N210, 16.0°

| | )

@)
D
B

()5N210, 1.0°

()5N210, 6.0° (K)5N210, 11.0°  ()5N210, 16.0°

o
D
@

(m) 7. 5N210, 1.0° (n) 7. 5N210, 6.0° (0)7. 5N210, 11.0° (p) 7. 5N210, 16.0°

7= %

®
D
@

4

(@10N210, 1.0° (1) 10N2IO, 6.0° (5)10N2IO, 11.0° (t) I0N2IO, 16.0°
P IR LA S ARl £ SR v K P i
Figure 11 Flame propagation in main chamber under different

decomposition ratio cases and different crankshaft

angles
45 30
10 | =AY
35 === CA50 25 ~
Zaof N
= =
20| &
25 2
£ <
) 1 15O
10
5 -
0

10
10N2107. 5N210 5N210 2. 5N210 0N210
YIS

F12 AR R L BT JE 0K 3 AR e i 22 101 R C A0
Figure 12 Combustion duration and CA50 in the main chamber

under different decomposition ratios

P13 R T 2 L B %t & sh ML sh s Fn e O vk
REf s o AT n] DU Y B 2 2 L 40 0 35
K MG R RECR SRR &2 BT, Ko
7.5% FRRGI TR, K SIS s R SRRk
ROMEES] T 48.98% 1 99.46% , MIE T 0% Zfi
Fefl B4 17 9.03% 5 11. 74 % . iRk —4
P 4 ), 4R R BRI W] i — A 4R E
49. 749 AR R BEROCR PTRE S B 0. 16 % MR T
B 3k 2% 4 o 2 A Lb 1) T g 0 TR S R0 N TR
PE, IR 70 40 B B 5 R 58 S 8 TR T A A b o
T RN LM

1117 i 25 2 it LU A5 A 384 0, & s AR R T 3 4
BN & shpLde s B TE AR R BB > . X —
SR TR Ry R0 B 0 5 ol R TSR B 22 5 40K e R o

. B RRREE 00
- MR

1% 40
§E
a5 | 185
30 80
10N210 7.5N210 5N210 2.5N210 ON2IO
ES
(a) RANHUIIHR R AR FRP R
300 — 600
(e EER IS -
250 + —— fRIRUNAER J550 =
g
Z 200 1500 <
< 2
§15o {450 5
IS =
#2100 1400 %
C
50 1350 %
g_&

0 10N210 7.5N210 5N210 2.5N210 ON210 200
VS
(b) KENPLIHR IR T FE R AR R D)%
Bl 13 AN L L 057 28 T R S BL 3 ) 2 e g
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different decomposition ratio cases

PRAE Tk T B £ i 53— 1 R T NH, 72 iE AT
FLf 5 BT A IR A R B T s i A E L AE
10. 0% ZfE Bl 2R IR A B I 48 T T
1.14% 3k 88N T & shHLEL N I RE it , e QB 08 T &
LIRS DAR G

Pl 14 Sy 245 Lo % & 2l BT G 2 HE Y 52 T
B 5 246 L9 38, & Sh L NO, HHERCR: 2 56
BEMCR 3 Z a3, P e 5.0% Mol r £ F
HE i F A%~ 0.50 g/(kW-h),10. 0% 21 bl )7 %
o 4.80 g/ (KW -h) o 33X — 748 £k i Ji A 0T g 2
i FAEE R By i v, NO, BE/E b i & = W Wik
L SAE SRy v ] 7 R RE o BE A S L A 1S
KAl NH; A N,O 3% 7 5 Y 4 00 HE il 52 F B
G, Hp 10.0% 24 H Bl N BT AR NLO HE
W, M 0.27 g/(KkW+h),7.5% 4t 6 F B &%
iRy NH, HEJs, b 1.96 g/ (kW +h) . X % W £ #
RGP R RN, A AR F T NH,
(Kb, I L L 7 Az B e 9 B A5 AR LAY NLO
ik — 25 Hh Bl AL e A T R TS e 0 HE ik
R

Sk BN BT A R s 24 A L 6 NO, 1 5 i Ji
L UL NO FE R TR T NO, TEM B = IR &



ZS N /S ] R D - 63 -

2025455 3]

6 Ty 6 70
N 152 19
—~ 3 ] Py Py
Fd 4%-m§
z 4T 14 =
< T3
203 13 &0 &0
~ ~ 430 >
® 2F 12 £ |0 %
o Q T
Z 1tk R, 1 Z 10 Z

0 $/; 1 1 1 0 0

10N210 7.5N210 5N210 2.5N210 0N210
%
B4 KR 268 L) R & shbLTs e 4k ik

Figure 14  Pollutant emissions from engines under different

decomposition ratios

SRR 8. AR 2% L R B Be % N NO 41
A an 15 Fros o AW ] LA Y, 78 B e i
(4.07) A (24. 0°)NO 222 B %5 J8 e = v 19 KM
KM, ek EATR 7 R N2 580, B

NOARLII4/10°

0.1 0.2 0.3 0.4 0.5 0.6

(a) ON210, 4.0°

(b) 2. 5N210, 4.0°

(k) ON210, 64.0° (1)2.5N210, 64.0°

P15

(¢) 5N210, 4.0°

() ON210, 24.0° (g)2.5N210, 24.0°  (h)5N210, 24.0°

W W

(m) 5N210, 64.0°

Bhbe 5 W (64. 0°) ARl 244 L 6] 7 % °F L, NO 19 4 A
FHE—EANR,LE 0% M 2.5% 2 b fl 7 Fh
NO =3 %2 45 v 7 BT RE B 30T 5 100 Fifl 25 %2 ik Lo 461 1) 38
T BE BAF ST A 5 R NO B X B i 7 ERE T
] X 58 T B 1 PR Tk B NO X k5 & %)) 10. 0% 24 fig
P A 7 22w v B NO X7 208 %8 b o 4 4k
IR o X 15 0 3 B 3 R A I RE BT 1 R A
RAS TR S AE A — & M AMRRE B, Al T — 2 i
1 NO, i B & 266 LG B, R RRIR A =) | BE
T RF ST ) MR 15 10008 1 555 R T B ST 1 NO R 3 B
o TR TR SR A SR b, #i o A
SRR NO BRI 3N, HONO BT FE IR B2 RS,
PEMT AR AR5 A R NO fE R e FRRE P, 1k
A, TR 2 E FE AR b ok A% rp BEASER OR R e VIR B 1Y
NO 5315 AT S b7 AR BE 2 10 F BN K, TR A
19 NO i A2l 8K NO it 6%,

0.7 0.8 0.9 1.0

3

(d) 7. 5N210, 4.0°

(i) 7. 5N210, 24.0°

(e) 10N210, 4.0°

¢

(j) 10N210O, 24.0°

4

(n) 7.5N210, 64.0° (o) 10N210, 64.0°

A TR) LA O B B8 BE 2 N NO 431

Figure 15 NOdistribution in the combustion chamber under different decomposition ratios
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Figure 18 Flame propagation in pre-chamber under different

oxygen volume ratios

B 19 R AR B HE T R A KO AR R
S MNIEL 19 R DLE H BE A RSB 3G
2 390 049 KK B I A K BE R i B B 5 3 I 4R
EE 91 1% 358 0 A 55k b AR 1 T TR = b A R R L A i i
KOS R B R E P — e SR e
fift EU B A7 AR 5 R B B R 25 5 o TR S SR KA
R AR B O R KA T R A R,
X 50 o A LA R . (A R
30% EAMBILA TR F B TR BT, 5 b
gER T EEBRE AR, T3 16, 0°HE Y R IX R
[TEKE



2025 4F 55 3

ZS N /S ] R D - 65 -

®
@
S

()2.5N210, 1.0° (b) 2. 5N210, 6.0° (¢) 2. 5N210, 11.0° (d) 2. . 0°

®
é@
B

(©)2.5N240, 1.0° (f)2. 5N24O, 6. 0° (2)2. 5N240, 11.0° (h)

39 ©

‘\

éB’
@
ad

(i)2. 5N270, 1.0° () 2. 5N270, 6.0° (k)2 N27O, 11.0° () 2. 5N27 0, 1

@%@@

(m) 2. 5N300, 1. 0° (n) 2. 5N300, 6. 0° (0) 2. 5N300, 11. 0° (p) 2. 5N300, 16. 0°
F19  ANEESHFL T F88E 0 KOG E 7R

Figure 19 Flame propagation in main chamber under different

oxygen volume ratios
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Figure 21 Power and economic performance of the engine

under different oxygen volume ratios
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oxygen volume ratios
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