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Abstract: In order to solve the knock problem of large—bore marine dual-fuel engines with premixed natu-
ral gas and expand the lean burn boundary of natural gas, based on the engine’ s three—dimensional numerical
simulation, the knock characteristics in the large—bore dual-fuel engine were analyzed, and the effects of swirl
intensity in—cylinder and EGR (Exhaust Gas Recirculation) rate on knock were studied. The results show that the
knock positions of large—bore premixed natural gas engines often occur at the edge of cylinder. The propagation
process of flame surface is the main factor causing the knock in—cylinder. The knock intensity increases with the
increase of the swirl intensity in the cylinder. When the swirl intensity reaches a certain value, the knock intensi-
ty decreases with the increase of the swirl intensity. Adding EGR in the cylinder can increase the equivalence ra-
tio of natural gas but reduce the knock intensity at the same time, additionally it can expand the lean burn bound-

ary of natural gas.
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Fig.1 Dual fuel engine model with prechambers and gas

ports

Table 1 Dual fuel engine specifications

Parameters Value

Bore /mm 500

Stroke/mm 2050

Connecting rod length/mm 2050
Compression ratio 12

Engine speed/(r/min) 124
Equivalence ratio 0.4

Mass ratio of diesel and natural gas 0.007
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Fig. 2 Mesh refinement regions in the model
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Fig.3 Effects of base grid size on pressure
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Table 2 Models used in this paper

Models Name
Turbulence model RNG k-¢
Drop breakup model KH-RT

Combustion model SAGE
NO, model Extended Zeldovich model

Soot model Hiroyasu model
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Table 3 Boundary conditions

Parameters Value
Head temperature/K 563
Cylinder temperature/K 506
Piston temperature/K 606
Intake temperature/K 305
Exhaust temperature/K 612
Intake pressure/MPa 0.322
Exhaust pressure/MPa 0.309
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Fig.4 Comparison of pressures and HRR between

experiment and simulation
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Fig. 6 Cylinder pressure curves of different monitoring

points in radial direction and circumferential direction
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Fig. 7 Pressure, HRR and band-passed pressure in cylinder

of a knock case
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Fig. 10 Comparison of pressure and HRR curves in

cylinder with different cases of initial swirl ratio
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Fig. 12 Change of swirl ratio and turbulent kinetic energy

in the cylinder with different cases of initial swirl ratio
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Fig. 13 Pressure and band-passed pressure in cylinder with

different cases of initial swirl ratio

l/.

000 025 050 100 150 200
Swirl ratio

Fig. 14 MAPO values with different cases of initial swirl

ratio

Ml B, E AL 5 A 0%EGR B R Y
24 0.6, 5] A 30%EGR [ KRR i L6 0.87, 5] A
40%EGR M R L LN 1, 5] A 50%EGR /9 K 5K
AYFEL K124, W IMAEGRIER T KRN Y
T, LU BFSE 51 A EGR X 4h 8 84K FLBR A1 .



a2k 11l

AR TR 4R A S 199 A FH - wo  fE  OUUR ek J sl HL R A= 5 2529

15 02 Fe g il 2 A ik 2 81, 81 16 52 45 T80
B MAPO & . AWt Al LUE R E A EGR J5 R
SR Y B LA SR (L 0.6 81 1.24) ,HEEE 5| A
EGR &t (38 i, AR R B2 B RO/ o 451 A S0%EGR
BF IR . IR FSIAT EGR, 3 EL KN
B RARBRBE M Fa g, H CO, & W i — 30 2 #4 i
T T P T B B AIG 3K S R T BT KA T 1 A R
ARG I REAR T Om i KRR A IR K’ 17
JE AN EGR 219 KM 1H AZ 7 0 8, AT LLE & 51
A EGR 3G NN, K K T A 1 3 70 0 o 3 A DA T 56
W TR RS OB DGR S R AL O R
Yro P, it i A EGR Rl RLAR X = & Sh LAY Y
i, BT DU B AR 8 M i L B IR B b AN kA 4R
NI R T R AR A 28 R Hb A FRRIT R A8 S B

25
20 |
g e e T
15
g o 0% EGR
10} —30% EGR
— 40% EGR
s1 —50%EGR

-4 2 0 2 4 6 8 10 12
Crank angle/(°).ATDC
Fig. 15 Pressure and band-passed pressure in cylinder with

different cases of EGR

0.8

06 \

04 r
02r

0.0

Prunre/MP2

1L 1 1 1
0% 30% 40% 50%
EGR ratio

Fig. 16 MAPO values in cylinder with different cases of
EGR

A b —y, T Dl i 6T N 5] A EGR R 3E 1Y
BEEL N b8 It BC & L 3 RE B AT DL PR TR R AR K
S ) A% 48 R R, W R /D BT PN R R HL AR UE & S Pl R
FE M D), O T 61 a8 5 5 80 & 1 HLAR 2k
AR & Sh LAY IR R SR NO HECR: . L i B T

2R ABI A 40%EGR 1Y 401

P18 J& W a5 7 g il 2R R T i sh DL B 19
J& MAPOfH . " LAE i, 43 0l 4 & 6T 4 168 i A EGR
AR 2% W AT T PN 0 R AR R 4 R IO A 4 4 A AR
B FF fi B 20, A EGR 23 i 5 #5852 i (Y B 2] [ B
R TR0 (RT3 7 58 B AN EGR 43 W K b B ARG i P )
PR BN R AR, RGN R SRS
BN B9 TR ), S BUB K B LB #8451 2% 5 A EGR 4%
SER P TR H 4 P I8 U Y [

HU9Y
S IESANK -

(¢) 2° ATDC

30% EGR

(a) -2° ATDC (b) 0°ATDC (d) 4°ATDC

Fig. 17 1500K temperature isosurfaces

7

7
~— 1 Swirl-0% EGR
/ — 2 Swirl-0% EGR
— 1 Swirl-40% EGR
— 2 Swirl-40% EGR

-4 -2 0 2 4 6 8 10 12
Crank angle/(°).ATDC

Fig. 18 Pressure and band-passed pressure in cylinder

o \
0.8 |
0.6 | \

0.0

Prnro/MPa

1 1 1 1
1Swirl- 2Swirl- 1Swirl- 2Swirl-
0%EGR  0%EGR 40%EGR 40%EGR

Fig. 19 MAPO values of different cases




2530 o R 2021 4
A EGR 2 5 & sh LAY D) 2R O/ 0E 811K A 28 4 4 [ 6] OuT, Zurbriggen F, Onder C, et al. Cylinder Individual

A, BEE G S AT AR R o R R R iR

4 & it

Wt AR SO A BN R S5

(1) KRBT AR PR K AR KL sl WL Y 1 = 7 A1 11
RATERGLH G 8 0 s8R, W T 38/,
PR RN 5 S 2, B W) T i Bl BOK k  RR B
TN KA S 5 | e B 22 A K T KR KK THT Y
e it 2 S BT N R I 8 i RN &R

(2) Bl 2 4T PN i 3 DTG B A 1 385 B8 6T DY 1) 8 AR
58 J5E I =2 3 i 5 24 3 I B 38— R B, B IR IR
T O, (T P P R R R R S T AR

(3)EL AN A EGR AI LU R RAR R Y & L, [R5
U /D 152 R A R ), R R AR A R R A IR

(4) 32 &5 0 P4 3R 3 A 8] B A EGR, AT LR F5 &
BIAIL Y Bl 3R U/ BE A G 3 AT DA K il R IR
BT P B 98 5 DR B
B RO BRI AN TR i 1

&% ik

[0 ] 48 %8 . RITGL N A6 2 A T 52 AL Tier 1T Tier
I ML A B E RS2 (D], RHe: REKR:, 2017.
[2] Raptotasios S I, Sakellaridis N F, Papagiannakis R G, et
al. Application of a Multi-Zone Combustion Model to In-
vestigate the NO, Reduction Potential of Two-Stroke Ma-
rine Diesel Engines Using EGR (1.

2015, 157: 814-823.

Applied Energy,
[ 3] Chryssakis C, Kaiktsis L, Frangopoulos A. Computation-
al Investigation of In—Cylinder NO_ Emissions Reduction
in a Large Marine Diesel Engine Using Water Addition
Strategies[ﬁ] SAE T P 01-1257, 2010.

[ 4] Cemik F. Phenomenological Combustion Modeling for
Optimization of Large 2-Stroke Marine Engines under
Both Diesel and Dual Fuel Operating Conditions [D].
Prague: Czech Technical University, 2018.

JRA, B, Bk, &L FUREALPG Kl
HIK BT TEJ]. ABLT R, 2003, 24(6): 4-6.

[5]

[7]

[9]

[10]

[12]

[13]

[14]

[15]

[16]

Feedback Control of Combustion in a Dual Fuel Engine
[J]. IFAC Proceedings Volumes, 2013, 46(21) : 600-
605.

Ott M, Nylund I, Alder R, et al. The 2-Stroke Low-—
Pressure Dual-Fuel Technology: from Concept to Reality
[C]. Helsinki: 28th CIMAC World Congress on Combus-
tion Engine, 2016.

Selim M Y E. Sensitivity of Dual Fuel Engine Combus-
tion and Knocking Limits to Gaseous Fuel Composition
[J].
(3): 411-425.

Lounici M S, Benbellil M A, Loubar K, et al.

Energy Conversion and Management, 2004, 45

Knock
Characterization and Development of a New Knock Indi-
cator for Dual-Fuel Engines [J]. Energy, 2017, 141:
2351-2361.

Abdelaal M M, Rabee B A, Hegab A H. Effect of Add-
ing Oxygen to the Intake Air on a Dual-Fuel Engine Per-

formance, Emissions, and Knock Tendency [J]. Ener-
gy, 2013, 61: 612-620.

Berenjestanaki A V, Kawahara N, Tsuboi K, et al. End-
Gas Autoignition Characteristics of PREMIER Combus-
tion in a Pilot Fuel-Ignited Dual-Fuel Biogas Engine[]J].
Fuel, 2019, 254(11).

Tanoue K, Jimoto T, Kimura T, et al. Effect of Initial
Temperature and Fuel Properties on Knock Characteris-
tics in a Rapid Compression and Expansion Machine[J].
Proceedings of the Combustion Institute, 2017, 36(3) :
3523-3531.

Li X, Zhen X, Wang Y, et al. The Knock Study of High
Compression Ratio SI Engine Fueled with Ethanol in
Combination with Different EGR Rates[J]. Fuel, 2019,
257(11).

e ML R TS R AR AR H U R A Sl HL S B BB
MER=DEFEID]. MR IR /RIE TAR K, 2020.
Millo F, Ferraro C V. Knock in SI Engines: A Compari-
son Between Different Techniques for Detection and Con-
trol[ J]. SAE Transactions, 1998, 107: 1091-1112.
Chen Z, Ai Y, Qin T, et al. Quantitative Evaluation of
N-Butane Concentration on Knock Severity of a Natural

Gas Heavy—Duty SI Engine[J]. Energy, 2019, 189(11).

(h# . RLH)



