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Figure 2 Arrangement of hydrogen injector and spark plug
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Figure 3 Grid independence verification
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Figure 4 Verification of test and simulation results
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Figure 5 Timing diagram of different ignition and

hydrogen injection schemes
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Figure 6 Engine pressure curves corresponding

to different schemes
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Figure 9 Instantaneous heat release rate and consumption curves of hydrogen and methane corresponding to different schemes



2 Al SCHAT 8 o W5 S S0 3 ol K Xt I J2 AR R B LA e R M 5 101
4001 U ssm - et f7E] 5 CA ATDC A, Case, ~ Case, ¥ ETE L4
R = BRI I 19 AR AR . T Case, , Case, BLAF HY A
300 7 SR PIRCR AN W] B, 3XJ2 H T Casey, Case, sl K

RS A5 A /°CA

100

Case, Case, Case, Case, Case, Case, CNG
E 10 FAEAERMRFESH
Figure 10 Combustion characteristic parameters of

different schemes

fiE OH Ji it 73 8 2, ASCEIELH T 8.0 mm
VB z A, 2 ST A% 5 KR ZE 0 BT e T A
Y A

MEL 11 el BLA 1, 24 il 5% /A ) -9 CA
ATDC I}, Case, ~ Case, ¥ CHF Z 514K ; 17 Case, ~
Case, HI TWIEE 55K 58 A A, KAZ B R ARAT B
WHIRE, 416 %€ FATH] bk SO N H, B9k EE
SAATAMER BT Case, Case, B E S KAR 510 7F
AL I Y, T 7E UL PO 19 I TR B oA 32
KAZAALAL RS v DI 3R A SRR . AT 3
3 Case, ,Case, M X IAEREH BIE)S T 4 4. %

Case, Case,

-9 °CA ATDC

-5 °CA ATDC

0 °CA ATDC

5 °CA ATDC

10 °CA ATDC

IS 445 R TR) B A, 0 B A AR PR 1, i
TE T BE J] R 45 K A 1 B0 o B2 AR R 75 1 &
Y HO L B UK RHRER | O 1 1 R Ok
g IR TR s shd g, HiE2EE5F] 10 CA AT-
DC H‘J‘,Case5 . Case, KGN AE Y H, Case, ~ Case,
KIGILT B & &0k R RBE %

MR N TR S BRI 2 R Sh L,
TEMWE 5 s KA R I BT 238 AN [ B 25 19 K 4
S5K SRR R B S AL T B I A A
PPV N 5 St A T B T — R A T Al
J2 SRR R T I BRIE B K I 15 400 5P 25 0 K
Z A B HEERIE S U K M . A T o A, AR SCHE 3 R
KIGES RN MR D) e e — AT X B,
Bl 12 B MIEL 12 ol DU HEET 252 <
(R BRTE B2 I K, 32 I R 2 465 48 180 59 TR 25 11
ST AN UL 7 . TN T 2 K AR I ROCR
A AT RO o O B A R R L el T R BROR S K
Y HOE S ML TH0E i S AU R, 80
Ao TR T P 55 38 0 R, DTG 5 BOH: 0 A%
5 AL A Q01 A0 5D SR K T

Case, Case Case

BIALE @ w OHJBE 4% 0.0005 0.0010 0.0015 0.0020 0.0025 0.0030 0.0035 0.0040 0.004 5 0.005 0
11 AEAHHERTEAFEH BERE OH RESH=E

Figure 11 H, profile and OH mass fraction cloud image of each scheme with different crankshaft angles



2025 4F

(a) BRIERZAK K H6 (b) AEFRTFESHAL K K (c) PSR K K
onpE/R 43 I .

5. O 50 5. O 5 an 0 50590
o OO0 a0 g [N\ 0 0% 003 i 0300 T a0 00>

B 12 REAMERA
Figure 12 Contrast of different flame forms
2.3 BSEMmNEEIIETANENZN
$8 /R RBCR(ITE ) D9 K 2 LU 846 78 21 45 L
PARRHAY B 2 T, HHR R
w
(mey, X LHVy, +my X LHV,, )
W o S B L S B D, MO 5 me o 485 8 ) Jo
i, kg LHV 0RO ARAE, MJ/ kg
P13 D9 AN ] 0 M8 IS 4 25 15 1 B 48 78 0K
ME 13 Al LI A i, Case, ~ Case, 15 3] T 4 &= 19 5
INFRBRR A 40% i P A5 ) 280 BT AR
TR 4 4, X R IERUR TS 2 IS X PR
J7 AUHRRE W] 2 s R sh HILAR e o A, T S B s X
Tl LSRG RCR A, 9 T BE— P98 5E
Je W E 5 7 3T A 1 B % A 3l LA BE Y SE R R
T RETE A AR 2P0 IS U K ) I T S Y R AR F
FEAE AN S AZ WG S I 2 55 W5 20K S 14 T B R 4 Rk
PERT A, BN TE T LB 515 2 1045 78 245K
R T B ROE AT B AR e B R KPR R A
KEN-20 CA ATDC Z i, BORE A R8T R
X U I A — 7 1R P9 A I (W2 AT 5 CA Y
SR 5 W R RE R BB BT A ROR
P i R B HLIR AR

ITE =

X 100%, (1)

420
mol
404
200 F N30 398 ,'
& 3957
&390 | .
& [
;Ej,&o HETEN, JEBERT
370 N 6.7
JEHLE AR FE36.8%
36.0 |

Case, Case, Case, Case, Case, Case

TR
B 13 AEAREBVNERANE
Figure 13 Indicated thermal efficiency of

different schemes

(1) FEBTEZ AT 5 CA sk Kty W i o5 34 nl %
JSCAE Ay B S ) R 2 G K R T B s K A
B KRG AR S EERIE 5 KM

(2) AP 5 0 K M T 4 e & Bl LT PN DA R )
ORI AR, LT R 00 S MR e 5 82 300 AH 28 T SR BIL
A3 9] 45 56 64% 1 68%

(3) R W U5 9 51 R 16 & sh AL, A B3R
A5 A5 K Z Y DG G R LUK & sh AL HE R AR iR
H 2 A0% AT AR T IR T 4% 2247 .

SR

(1] FEbr, B, FOUB, 5. BiRf co, TR RS

el LA s (9 BT T BE SR (], R R 4l (T
M), 2024, 45(2); 1-11.
WANG D B, DUAN H X, WANG G H, et al. Research
progress of control optimization strategies for transcritical
CO, cycle system [ J]. Journal of Zhengzhou University
(Engineering Science) , 2024, 45(2) . 1-11.

[2] MEZE. HELGEGAHARS L T]. P EA M

FIAL T AR 5 BThE, 2023, 43(15) : 125-127.
GUO Y J. Present situation and practice of comprehen-
sive utilization of coalbed methane[ J]. China Petroleum
and Chemical Standard and Quality, 2023, 43(15): 125
-127.

[3] Z/AR, B4, 0L, 5. —Fh MILD #REE#F 1Y NO,

HEHE BE (9 O HESE i PR R 2y A (0], A MR 2 22 4R
(T2FRR) , 2021, 42(2): 105-110.
LI X M, CAO K, LI P K, et al. Effects of several chief
parameters on the NO_  emission of a MILD burner firing
biogas[J]. Journal of Zhengzhou University ( Engineering
Science) , 2021, 42(2): 105-110.

[4] WANGLJ, HONG C, LIX Y, et al. Review on blended
hydrogen-fuel internal combustion engines: a case study
for China[ J]. Energy Reports, 2022, 8. 6480-6498.

[5] BIFFIGER H, SOLTIC P. Effects of split port/direct in-
jection of methane and hydrogen in a spark ignition engine
[J]. International Journal of Hydrogen Energy, 2015, 40
(4): 1994-2003.

[6] SHIC, JIC W, WANG S F, et al. Combined influence
of hydrogen direct-injection pressure and nozzle diameter
on lean combustion in a spark-ignited rotary engine|[ ] ].
Energy Conversion and Management, 2019, 195. 1124
-1137.

[7] FANBW, PANJF, LIU Y X, et al. Numerical investi-
gation of mixture formation and combustion in a hydrogen

direct injection plus natural gas port injection ( HDI+NG-



%2 A SCAT , 38 - W% S 0 U A5 KON L2 SR S LA Jo e P 5 i 103

PI) rotary engine[ J]. International Journal of Hydrogen [11] OIKAWA M, KOJIYA Y, KONDO Y. Fundamental
Energy, 2018, 43(9): 4632-4644. characteristics of ignition-combustion of rich mixture
[8] WEIXF, QIAN Y J, GONG Z, et al. Investigation on plume in high pressure direct injection hydrogen engines
the combined influence mechanism of port water injection [J]. Transactions of the Society of Automotive Engineers
timing, injection pressure and ignition timing on natural of Japan, 2011, 42. 903-908.
gas engine performance based on the Taguchi method[ J]. [12] WANG N, HUANG S, ZHANG Z F, et al. Laminar
Fuel, 2024, 357 130064. burning characteristics of ammonia/hydrogen/air mixtures
[9] WALLNER T, SCARCELLI R, NANDE A M, et al. As- with laser ignition[ J]. International Journal of Hydrogen
sessment of multiple injection strategies in a direct-injec- Energy, 2021, 46(62) ; 31879-31893.
tion hydrogen research engine [ J]. SAE International [13] LIU X L, MARQUEZ M E, SANAL S, et al. Computa-
Journal of Engines, 2009, 2(1) . 1701-1709. tional assessment of the effects of pre-chamber and piston
[10] KAWANABE H, MATSUI Y, KATO A, et al. Study on geometries on the combustion characteristics of an optical
the flame propagation process in an ignited hydrogen jet pre-chamber engine[ J]. Fuel, 2023, 341 127659.

[J]. SAE Paper, 2008, 724(10) : 2011-2009.

Effect of Hydrogen Jet Ignition on Combustion Characteristics of Coalbed Methane Engine

HE Yituan, WANG Qian, QIN Zihan, FU Yanyan

(College of Transportation, Chongqing Jiaotong University, Chongqing 400074, China)

Abstract: In order to avoid the phenomena of combustion instability and knock in the process of power generation
of large bore low concentration coalbed methane engine, the promoting effect on combustion of hydrogen jet ignition
was studied. The influence of ignition-hydrogen injection interval on jet flame structure and combustion-supporting
efficiency of engine were investigated. Based on the three-dimensional fluid mechanics software, the effects of dif-
ferent ignition-hydrogen injection matching strategies on the combustion performance of the engine were studied by
changing the ignition time with fixed hydrogen injection time and hydrogen injection pulse width. The results
showed that the obvious plume jet flame could be formed in the two working conditions of ignition before hydrogen
injection (ignition in 5 “CA before hydrogen injection) and ignition during hydrogen injection, which could improve
the combustion rate of the engine. The ignition delay period and combustion duration were shortened by 64% and
68% respectively compared with the original engine. The peak pressure and the peak heat release rate were in-
creased by 2. 1 MPa and 1. 05 kJ/°CA. Fixing the hydrogen injection time and changing the ignition time, the indi-
cated thermal efficiency of the two working conditions of the ignition before hydrogen injection and the ignition dur-
ing hydrogen injection was not much different, both of which are about 40%. The efficiency of the two groups of ca-
ses that ignition after hydrogen injection were 38. 3% and 36. 7% , respectively. The indicated thermal efficiency of
the engine could be increased by about 4% compared with the original engine by reasonably controlling the ignition-
hydrogen injection time.

Keywords: low concentration coalbed methane; hydrogen injection combustion; composite injection; ignition hy-

drogen injection matching; flame structure





