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Abstract: Aiming at the issue that the combustion of gasoline in high-efficiency X-type rotary
engine is insufficient, a method of cylinder hydrogen direct injection is proposed to improve the
combustion efficiency and thermodynamic performance of the engine. The three-dimensional CFD
numerical model of X-type rotary engine is established and validated via the experimental data of
cylinder pressure, heat release rate and power. Under the same hydrogen injection total mass,
pressure, and start time, the impact of hydrogen injection nozzle diameter on the in-cylinder
flow, combustion, thermodynamic performance and pollutant emission of the engine when hydro-

gen in-cylinder direct injection and premixed gasoline are adopted. The advantages of hydrogen in-
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cylinder direct injection method are revealed by comparing with pure gasoline premixed engine.
The results show that when the hydrogen injection nozzle diameter is small (2 mm). the flame
propagation is more uniform, and relatively large symmetrical flames are found in the slits of both
sides of combustion chamber, making the combustion more sufficient. The maximum indicated
thermal efficiency of corresponding engine reaches of 37. 07% ., which is 10. 23% and 7. 85%
higher than that of the engine without hydrogen injection and with a large hydrogen injection noz-
zle diameter (4 mm) , respectively. In addition, compared with the large hydrogen injection nozzle
diameter, although the NO, emissions increase by 21. 12% when the hydrogen injection nozzle
with small diameter is adopted, the HC and soot emissions decrease by 79.08% and 2.17% ., re-
spectively. Thus, the small hydrogen injection nozzle diameter (2 mm) is the optimal hydrogen

injection strategy. This study provides guidelines for the design and optimization of the hydrogen

injection strategy of X-type rotary engine.
Keywords: rotary engine;

efficiency
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Fig. 1 Comparison of Wankel rotary engine and XRE structure
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Fig. 6 Comparison of in-cylinder vorticity and streamline dis-

tribution of different injection nozzle diameters at dif-

ferent injection moments
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Fig. 8 Comparison of temperature contours of different injec-

tion nozzle diameters in different combustion stages

F P 8RR 7 KR 6 iU N i 2 T AE AR e =
PN TG P s R P P AT P, RN B T
FT KM R AEAR R % A 2 T o BEAT AL L T S
JIAT IV R b & 2 o AT 9 1 HESL
PR, ) A2 OB A & L 32 PR Ol b — T e
FLE AR, P HGE R = BROB AR 48 N A o A i
R 17 4 BB AN PR A T R R D

TERABE P U] AL T R T KRR N
TEAT L 07 R 2R - B e 8 TR DRV 70 25 [l R B2 A 7
B FE oAb - ELAE R b 2 PN e 4% vh A A I Bk 4




o502

KPR AF AR UL B AR X B A X B T S L R R TS S W Y R 73

FEAE D> B R BEAE Ol BIE 2] T BB J5 101, 2 BRIE 8 be
N AR B BB, (U — 2 1 b & X A8
FIBRBE , HL A A7 30 (0 Bk S P9 A5 31 TR R N

WS T T L FERRBE P R e N R A B 8 4y
SR i E ] 8(b) ~8 (D AT L HY L 7E 2 mm Wi fL
HAETRET  KIETERRBE 2 P9 1 A2 R A 40 0t £ 7
4% LK B 2L RBP4 . 3 mm M fL
IEREWE WP CE AR e SR ol o U B e
4% AL I R 00 02 4 v A B 4 1) KA A R 5 2 mm
05 G M A L T 22 ) e % R R B R AN 2 mm T4
dmm FET K KM E 27 0 KRB = W%
W . ELE 4 I 06 1) 2 0 5 4% vh 3 10 0 22 000 bk &% K s
AN T A5, H S 3 mm J7 240 78 It i %)
A8 5 K HE T AR 25 BE TR,

TERBE R, K 8(b) ~8(d) 3 MR 7 B IR
FEREET %, B, KOG E2 0 mAE R
kb= MMM ez, 2 mm HE T RSN
KK R BE S5 v WA B 4 MK e T R R, LT IR EE 3%
XFFR 33 mm 7T KGR AR O AN E R b =
ZEMN L BT AR IGE J 09 20 ) 1% A0 S5 R 5% 1 B /IS F A
g A mm FTETFT . MREZECEMFERBEL RIX
Sk, L TR A0 A2 4 s T R R A /DN S U B AR
B [R1E o, AR AN 8 58 47
2.3 HHIMEERMEEIER

OH.H 1 O H B A2 b il F2 rh bR a] A iy rh
A 2 AR B AR I T AR RN SR
Bl S MIRA K4S OH + H, & H,0 + H
Sl I BN TR B I TR R BE) . OHLO i H
FI P LR A ) o7 P A e (i B ik 2 ML 3R 5 s ]
PAF S AL AR /N ) ph i 0 1 22 R K,
WEFL AR 2 mm B, [ H 0 (T it 22 R R,
16.72X10° g, WifLEARA 4 mm B, [{ i 3E A T
I AR/, 15.11X107° g ABEERT, [ H Bk
HZHIH 15,02 X 10 ° g, /NTFARf A 74,

A5 FRRAAA)ILAEZT OH.H.O @ k¥4
RE
Table 5 Peak masses of OH, H and O radicals with different

hydrogen nozzle diameters

M5 £, i/ (1077 @
H 1% /mm OH H O BE
N 13.9 0.069 2 1. 050 15.019 2
2 15.6 0.2610 0. 856 16.717 0
3 15.0 0.2610 0. 809 16.070 0
4 14.1 0.2610 0.751 15.112 0
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