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Abstract: To break through the limitations of ammonia combustion in engines and promote
efficient and rapid combustion of ammonia, a method for igniting ammonia fuel using a hydrogen
jet flame is proposed. By supplying hydrogen to the active pre-combustion chamber and premixing
ammonia/hydrogen fuel in the inlet tract, stable and efficient combustion of ammonia in a large
bore marine engine is achieved. The effects of inlet gas temperature, hydrogen addition ratio and
main combustion chamber equivalent ratio on the ignition characteristics of the ammonia-hydrogen
fuel are investigated based on numerical simulation methods and improved Otomo ammonia/
hydrogen mechanism. Results show that jet flames can develop the thermodynamic environment
and high active heat jets required for combustion in the main combustion chamber. At an
equivalence ratio of 0. 4 and no hydrogen addition, thin combustion of ammonia-fueled engines can
be achieved at an inlet temperature of 450 K. Jet ignition has a more significant effect on flame

development at lower hydrogen addition ratios; increasing the hydrogen addition ratio to 10. 0%
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advances the combustion phase by 18°, but there is an increased risk of detonation; at an inlet

temperature of 320 K and a hydrogen addition ratio of 2. 5%, the main combustion chamber can

ignite normally at a minimum equivalence ratio of 0. 45, but there is a slight increase in indicated

thermal efficiency as combustion approaches the theoretical air-fuel ratio. The combustion mode

of active pre-combustion chamber hydrogen jet ignition shows promising potential for achieving

efficient and fast combustion in ammonia engines.

Keywords: ammonia/hydrogen fuel; marine engine; pre-chamber; jet ignition; combustion characteristics
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Fig. 1 Ammonia/hydrogen jet ignition engine combustion

system
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Table 1 Basic parameters of the engine

E 2 HAH

HL 4% /mm 320
17/ mm 420
K E/mm 920

JE 45 L 12.5
BHTH 4

bR E )/ kW 2 430
PR/ (r e min 1) 750

B2 REHLEY TLAT AL

Fig. 2 Geometry model of the engine
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Table 2 Initial conditions for calculation
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Fig. 3 Comparison of simulated and experimental cylinder

pressures and exothermic rates
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Fig. 4 In-cylinder pressures and heat release rates of

the main chamber at different inlet temperatures
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at different inlet temperatures
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Fig. 6 Difference in pressure between main combustion

chamber and pre-combustion chamber
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different hydrogen doping ratios

http: // zkxb. xjtu. edu. cn

e A U A ST AR S . B w (HL) 3G 0, &1 A
14 1K o A 57 2 117 99K DX I 1 3R 5 Ao e 3 mn U
SRR R ST B ST R XS in# ) B NO, HEsk . (2
SR IN T SR R KA R R . 5) A AE
705°F1 706°Mf ,w (H,) } 10, 0% F1 5. 0% B & F
FEGTE XA AR B T 538 i X 2 R i 2/ &
RE SR E T KA A 4w Ut
MRS ZAHFEREE , e EaAXBRIES R
T PN A e R i 1]

B9 NANTR] w(H,) T &L N 1 38 3 0 A o 32 0%

20 40 60 80 100 120 140 160 180 200 220

WE/(m - sT)

w(H,)42.5% w(H,)H5.0%

705° 7

"&

v L)
706° -L - e

w(H,)410.0%

‘.,.

708

710°

712°

9 AE w(H,) B L3 55 10
Fig. 9 Velocity field distribution in the cylinder at

different hydrogen doping ratios




o505

BUEA L 45 2/ VBRI U A T e S LR e i 1 129

B E K e ) w CHL) X TR = AR K IR AT 5 i 5
Wi, E 46 B B, 1 2E AT R SRR A N R
MR/ SREGEATRE, EREE w(H)H
10. 0% 1) J5 %8 J5c SE7E UK 25 300 o8 I g 3 P 400 1) v
Wiz g, BURE PRBER a2 ) Can O OH %515
PE B 3O 7EBRE 2 NI T R R sh L 5k
I — S W A WAL Ay R AL B TR EIRRE N
T B S TS U . AN R TR S M ) R E
FEHINE T2 RS, O A OH 25 [ i 5635 41 ik
KM R SR oy

4 T 45 TR AU T A B0 BRI 4 B
45.42% .48. 47 % .49. 03 % 1 50. 39 % , Horp M4 T
TR E A R fE B EBEIE O T /IR
T IFBEE w (H) B3Nz 48 5 .
2.3 SFRESR wH, ) XHEM AR

10 JB/R T A w (Hy) BB NO, ZitHEk
., EBA N EF.NO, B4 1Al L2 K A Br
Br,— RAEGT IR A s BB B BL. NO, A il
AL T3 — IR S 91, NO, 2E iU B2 . /i
HRTA NIJGEM NH, SR A S W% 785 )b
TR LR ] = 51 NO, 3 J5 % R RBELE R 2 5,
B A T A RO £ 50 NO, A2, fE b &
Ry o R 2E 1] T s o), B BE & N TR A U K T
REAR  HECY) AR Rl 2R 2 R

w(H,)/%
0
0.7 - R
—5.0
06 10.0
0.5F
20
04t
=
03}
o
zZ
02
0.1F
0 1 1 1 1 ]
700 720 740 760 780 800

i /(%)

10 Al w(H) B NO, Az i Bl it 4l f 19 22 4
Fig. 10 NO, generation as a function of crankshaft angle for

different mass fractions of doped hydrogen

W& w(H,) B3I, NO, A i iy 2 b 3 5
BEARIRTE NP A — B, (H 2 MR K
LR NO, By HE i 2L v T RIR kPl 1E
A w(H, ) R T 2R BE 3 9 B0 F MR e 25 1F

http: // zkxb. xjtu. edu. cn

BEATEAGEARE, MEE w(H) W&, KIE
TR DA B O K DX 358 1) T B T v, B NO, A i
LT RAEBET R BIABEATE TR 3.8 £,
2.4 EFBESLYELXANSEENEW

TEFESIRIE 320 K w(H,) N2. 5% B 41 F,
WEFE T A [ R A 24 i LG 0 BT A be i e, &
P 7 SR i an & 11 fios .

1.0 — JE 73, MikL=0.40
55 T6ST0T07075T0807085 1y’ syiiig —0.45
— JE 77, Mt H=0.50
LE=0.
_20F I
% i te=0.45
= | 4 110,50
i 44 =0.60
?ﬂ 20
210 1§ =
& 14 7
o 02
8 o
6
0 4 E
. N . 2
680 700 720 740 760 780 800

i /(%)
BT R UBR B C E E0  PAO FE  pA

Fig. 11 In-cylinder pressures and heat release rates for

different ammonia premix equivalence ratios
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