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3D numerical simulation of hydrogen-gasoline engine under

cold start condition with equivalent ratio

LI Yue-lin, TONG Peng,ZHANG Zi-han

(School of Automotive and Mechanical Engineering, Changsha University of Science &
Technology, Changsha 410114, China)

Abstract: In order to improve the start-up performance of traditional gasoline engines and
reduce the fuel consumption rate in the start-up phase, this study attempted to make the
gasoline engine start up successfully under the condition of equivalence ratio by adding hy-
drogen. The mixture distribution and ignition of hydrogen-gasoline engines under the condi-
tion of equivalence ratio were studied by numerical simulation, in the hope of finding a
better hydrogen-gasoline injection solution. First, a 3D numerical model of hydrogen-gasoline
engine under cold start condition was constructed, and the valve movement law and the re-
lationship between fuel injection quantity and hydrogen injection quantity were calibrated.
Then, the 3D numerical model was tested and verified, and the experimental results were in
good agreement with the calculated results. Finally, under the condition of equivalence
ratio, the simulation calculation of ignition under cold start condition was carried out. The
research results show that under the condition of equivalence ratio, adding hydrogen can

significantly accelerate the diffusion speed of the mixture compared with pure gasoline
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engines, so that the mixture can be evenly distributed in the cylinder faster. When pure gas-

oline is used in start-up, the first cycle ignition is difficult, while adding hydrogen can achieve the

first cycle ignition. But when the amount of hydrogen is too large, pre-ignition will occur. Adding

hydrogen can significantly reduce HC and CO emission in the cold start phase.

Key words: hydrogen-gasoline engine; cold start condition; numerical simulation; hydrogen

injection strategy;first cycle ignition
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Table 1 Parameters of gasoline/hydrogen dual fuel engine
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Table 2 Setting of injection parameters
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Table 3 Initial conditions

HAREE RUE HPREE #GE TR fRGE

J1/MPa J1/MPa Jj/MPa {RJE/K  FE/K  RE/K
0.061 9 0.1 0.1 288.15 288.15  288.15
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Table 4 Boundary conditions
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Fig. 2 Fluctuation curve of air inlet pressure
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Table 5 Parameters of valve movement

AT AT K] HEA T E HES T M

w2l /°CA FZ) /°CA BFZl/°CA W Z]/°CA
315 629 98 422

AT TR AT TR HeR TR HEA T8k

FF/mm  FHEETZI/CCA T /mm FHREESZ]/°CA
8.48 475 7.82 254

3.2 BEEWNRE

e 5 AN 4 s, AP J5 shBr B
R — B L G AR IR DL 55 A L 2 BE 80N B B [
I SRRl RS Sl e, B AR S S B A
S RARAS TR BOE L E G, £
135 R AN BIE 5T B E DL G g R K e A
SRR R o 2 FE AR R W e 5 S 2 ]
RR.

A
ST HE
R —
A HL __7}2?15}{'}1']_» ML
LR : FERG
7 il %
P AL g
W L HL

B4 XBRERTEH

Fig. 4 Schematic diagram of test bench
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Table 6 Injection pulse widths of hydrogen and fuel
when excess air coefficient is 1. 01 ms
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Fig. 5 Comparison of calculated results of 3D

numerical model with experimental results
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Table 8 Main parameters of three contrast models

- WEALE WERIE O MUEITHR RUKES WA Wik s R/
8
#&/mm  Jj/MPa B ZI/°CA  ZI/°CA  5i/ms 9%i/ms “SFH °CABTDC
1 2 4 424 710 0.0 2.1 1.01 15
2 2 4 424 710 1.7 2.0 1.01 15
3 2 4 424 710 3.3 1.9 1.01 15
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Table 9 Cloud images of mixed gas fluent field of

three contrast models

h % % £ /°CA

B
e e
v G ol
e e
/l ,al ,-l

‘{tm%fkﬂmrtbfﬂ- N | .
0.00 001 002 003 004 0.05

454

464

ﬁ@%ﬁ@i(ﬁééﬁ U (TR I S N YL ==
It BB B PR AL S T A RS BOR & S8 Bl
%ﬁ%ﬁxﬁjﬂ@rﬂ@o
4.2 AEABSKENLEIERAENNZMN
DL AEFEE K S 5 CCA B ET P9 IR EE 23 A 18 5k
FRREWEIRE KGO E 6 i,
M 6 AT LAE L 2k WA K 98 R 0.0 (5
R 1, SE5M R 3D B, & S 16 2Bk kR R kB
FKIG  MmEKTE A 1.7 msCBIAY 2) 1), FT

PR 1 (WK 9 0.0 ms)
-

B 2 (B K5 A 1.7 ms)

KA 3 (BTE K TEH 3.3 ms)

T [ | [ [ .
 FFFFFHPPELP

AR EVURPNSRIPC L S SN N

IR E/K

B6 BMAKLERKE S CAIABELSA
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KACZE R L B R X, R B Ok T, H ok
i e B 3 rp s 2 M A Dk 95 3.3 ms (BT 3)
IF RIS T 6 2R G U E KO B T R 3
bR BERLL B A G . d Al L AR 8 s
1y 3 FpsE A v Y 2 g o FRAR, B g S B 96 2R
K NREA BRI G SR .
4.3 AERANRAAXNLEHENERHZEN
WEFE 5 A s KRR AR g Sk 20 43 5
10,15,20,25,30 °“CABTDC, HAth S By F & 8
B 2 BB B 43 TR 5 AR KR AT T
10 TR G % . i 45 i 7 s,

3

L/ (x10° kPa)

A

0 2 4 6 8
il 4l 5% f/(x10° °CA)

(a) 10 "CABTDC

5
£ 4
-
5 3
Z 2
£
33_5[ O I 1 1 1
0 2 4 6 8
Ml %% f/(x10° °CA)
(b) 15 °CABTDC
5
£ 4
-
5 3
Z 2
£
.‘H_El 0 1 1 1 1
0 2 4 6 8
b4 f/(x10° °CA)
(¢) 20 °CABTDC
5
£ 4
-
5 3
Z 2
L.:j 1
0 1 1 T 1
0 2 4 6 8

it e #1/(x10° °CA)

(d 25 °*CABTDC



%18 A% 14 FEKE. LB T OB AA ML B S T = LM 85

S = N W ks W

L&/ (x10° kPa)

0 2 s 6 8
4% 71/ (x10° °CA)

(e) 30° CABTDC

7 5 APEKIRAT A T AT 10 AR ALE W &
Fig. 7 Cylinder pressure curves of first 10 cycles

at 5 ignition advance angles

B 7 i 5 AL 2Rl A, 2 mE A ik TE
1.7 ms WK TE R 2.0 ms (B 2) ), 7E 5 Fh
SO T RSP RE S TG LT & k.
KOl TEAAGHA SRR E KA R,
S BB RE S . B EBEE, AR
AEIH 5 25 SR G - I 78 K6 ZE B I Dl 50k
i T NIRRT, 20 SRR SR A VR L S
ME K. RIEE, Y S ERT 8 20 “CABTDC B,
RNV 2.4.7.9 8 FFBHEL R T B &8, X 02
PR R 76 B — 1 PR 8 b R B0 5 4, S BUIR & X
SERMREE I T T R AR, AZ X
THREAL 2 KUk, SR FEHT A M 10 *CABTDC |
30 “CABTDC #fHE 52 2 1 18 20 A & X, X vt
TEVR IR 2B B, BAR AR AE R & A i el 1
XTTRABE I 52 AR K, b i B A e W] 0 40 SRR
ARG KRR,

4.4 AEANEIAXAEIHMBEN

[ FER 2 8 i il 2 ik f7 3154, 7E 10,
15,20,25,30 “CABTDC 5 FiR[A] &5 kK2 RT AT,
2] T 15 g Wy e S O T E 8 FEL 9 R

25 |—10 °BTDC
—15 °BTDC

20r |—20 °BTDC
25 °BTDC

—30 °BTDC

—
(9}
T

HC/(x10° mg-L™)
S

W
T

(=)

0 2 4 6 8 10
TEFR AL

8 FREKEIAT HC Hak &

Fig. 8 HC emission curves at different

ignition advance angles

2.5r
o 2.0F
._.]
g 15¢ ———
s —10 °BTDC
=< 1.0r —15 °BTDC
z —20 °BTDC
S o5 25 °BTDC
—30 °BTDC
0.0 L L L L |
0 2 4 6 8 10

(RN
B9 FREEKIEWAT CO Htthk
Fig. 9 CO emission curves at different ignition

advance angles

1E 15,20, 25,30°CABTDC 4 F s -k 2 5 f
T,CO K& HC MHER i &AW 2 95 7 T 4f Bk
T ARG RS 5 M IF i fee . b, a5 kR
HI A 20 °CABTDC i, CO K HC 4 HE ik il 2k %
1% 5 24 5 kAR HT f o 30 "CABTDC i, CO & HC
0 HE el £ AR X B . T A R KB HT A R
10°CABTDC if.CO } HC gy HEm it £ w2 7+,
X2 R Ry A5 RS ] 3o B TR A M BB AN 58 4

5 #ig

A5 FE B4 A T () St L, 25 Al & —
AL e A TS T8 AR AL G 3h B B
= AERE TSR AL, O 2K 56 bR g I T AR
R, R R A B AT B AR B DL SR

D) A F 4 5 m % ol 18 S BE % I B e IR
TR Z ShALIR A& AW B PR & SR il
JE AR A SAE G N TP SE B 5] A

2) TELEVIM R O Y i iR &Rk L
G NIN & K W AE D /1B S5 RE S B Y 7
RASEEAE K. HYBANKTE LK, &
bR I S A NR 1 S D =N Ll 7
1.7 ms WM KSR 2.0 ms &b Ak . X BE g 52
ME GG K, REA Bk T iR AR

3) BERENE I 58 R I ALY F K FLBR L [ A
TE 5 KBTI 10~30 *CABTDC #i fig 52 38 7 78 31
K,

4) FAXTF 4l VR B . B A e e W RS
Ja s B HC fil CO W& &, B4 10 "CABTDC
At HE i o AH X T B KL #E 20 *CABTDC B HE i

i\



86 ¥ RKEFRCHE KA FE R 2021 % 3 A

AHIE TS 37 A = 2 R Y, OR 2 B Y 5F A
B MR A AR B 2 AR T I A
AR AR . AR L AL R BE S R AR AR L
AR T ) 3 55 M R B R o T O B A E
P 3 A BRREAE 12 B OR B9 AR A, i AT 55 45
B, b g — > 1 P A9 — RSB R

(5% 30k

[1] Wimmer A, Wallner T, Ringler J,et al. H,-Direct
injection: a highly promising combustion concept
[C1//SAE 2005 World Congress & Exhibition Pro-
ceedings. Detroit: SAE,2005.

[2] Bleechmore C, Brewster S. Dilution strategies for
load and NO, management in a hydrogen fuelled di-
rect injection engine[ CJ]//Powertrain & Fluid Sys-
tems Conference &. Exhibition Proceedings. Rose-
mont: SAE,2007.

[3] Bradley D, Lawes M, Liu K, et al. Laminar burning
velocities of lean hydrogen-air mixtures at pressures
up to 1. 0 MPa[]J]. Combustion and Flame,2007,149
(1-2):162-172.

LAl XUAZE. KR . ok £, 25 E B A S W AR B XA

LR BE R w9 KB M 5T LT ). 4 & L. 2017 (1)
70-82.
LIU Li-liang, ZHAMG Hu, ZHANG Yu-yin, et al.
Experimental study on the effect of hydrogen and oxygen-
enriched combustion on the performance of gasoline
engine[J]. Car Engine,2017(1):70-82.

(5] A8 SRR T 75 0, 55 WU 220 X% L B B
LRI PR S HE b i 52w L) ], R BIL A2 41 . 2017
35(1):32-37.

NIU Ren-xu, ZHANG Yue-tao, YU Xiu-min, et al.
Effect of hydrogen injection timing on combustion
and emissions in a direct injection gasoline engine

[J]. Journal of Internal Combustion Engine, 2017.

[6]

[7]

[8]

[9]

[10]

[11]

[12]

35(1):32-37.
Yu X M,Li G T,Du Y D,et al. A comparative study
on cffects of homogeneous or stratified hydrogen on
combustion and emissions of a gasoline/hydrogen SI
engine[ ] ]. International Journal of Hydrogen Ener-
gy»2019,44(47) .25 974-25 984.
Yu X M,Li G T,Du Y D,et al. Numerical study on
effects of hydrogen direct injection on hydrogen mix-
ture distribution, combustion and emissions of a gas-
oline/hydrogen SI engine under lean burn condition
[J]. International Journal of Hydrogen Energy.,
2020,45(3):2 341-2 350.
Joonsuk K,Kwang M C, Soonho S, et al. Improving
the thermal efficiency of a T-GDI engine using hy-
drogen from combined steam and partial oxidation
exhaust gas reforming of gasoline under low-load
stoichiometric conditions [ J ]. Fuel, 2020, 273:
117754.
Li G T,Yu X M.Jin Z H. Study on effects of split in-
jection proportion on hydrogen mixture distribution,
combustion and emissions of a gasoline/hydrogen SI
engine with split hydrogen direct injection under lean
burn condition[J]. Fuel,2020,270:117488.
i BT B R ALI T SR B 2 LML bt Bl
i At . 2016 :3-5.
XIE Mao-zhao, JIA Ming. Computational combus-
tion of internal combustion engines [ M]. Beijing:
Science Press,2016:3-5.
Dubin P A. Separated flow computations with the
K-epsilon-V-squared model [ J]. AIAA Journal,
1995,33(4) :659-664.
Colin O, Benkendia A, Angelberger C. 3D modeling
of mixing. ignition and combustion phenomena in
highly stratified gasoline engines[J]. Oil & Gas Sci-
ence and Technology.2003,58(1) :47-62.



