2018 4 IDAJ-China FH iR SC &

I S SR o L A B S UL T LR R AR S i
Influence of injection strategy on combustion process in a duel-fuel rotary

engine with hydrogen direct-injected
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BTDC &4 F, " bk 5% 40 °CA 6941 AR E /) Hooft £ F A 20 °CA A= U8k 5 % 30 °CA 5138 X
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Abstract: Based on CONVERGE, a three-dimensional CFD model of a hydrogen-gasoline blends fueled
rotary engine is built and validated. The in-cylinder mixture formation and combustion process are
investigated under different hydrogen injection timing and duration conditions. The study results show that
the concentration of hydrogen distributed between the spark plug region and rear combustion chamber
increases with retarded hydrogen injection timing and extended hydrogen injection duration. Faster flame
speeds are obtained for hydrogen injection timing of 110 °CA BTDC and hydrogen injection duration of
40 °CA. At a fixed hydrogen injection duration of 20 °CA, compared with hydrogen injection timings of
210 °CA and 160 °CA BTDC, the peak in-cylinder pressures for hydrogen injection timing of 110 °CA
BTDC are increased by 14.3% and 6.8%, respectively. At a fixed hydrogen injection timing of 110 °CA
BTDC, the peak in-cylinder pressure in hydrogen injection duration of 40 °CA is 52.3% and 9.21% higher
than hydrogen injection durations of 20 °CA and 30 °CA. The highest in-cylinder pressure is achieved with
the hydrogen injection strategy that hydrogen injection timing of 110 °CA BTDC, hydrogen injection
duration of 40 °CA. However, as the in-cylinder temperature increases with pressure, NOx emissions are
also increased with retarded hydrogen injection timing and extended hydrogen injection duration obviously.
Considering the lowest CO is achieved and the unburned zone in the rear region of combustion chamber is
eliminated in hydrogen injection timing of 110 °CA BTDC, hydrogen injection duration of 40 °CA, thus
this hydrogen direct injection strategy acquires the best engine performance in this research.

Key words: Duel-fuel rotary engine; Hydrogen direct-injected; Injection strategy; Combustion process;
CONVERGE
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BT — Gt R, SOEm . KIEZE SR KA BETVMEE THL, R CATIA #4 g
P LSRRI L LT . B L A PGS R R . SR WA BE S KR E R, BEES
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2.2 THEMEE Kih kA

AT BRI SR THURL AR B IE FR AR 13 5., Z50F 98 I TR 128 RNG e B 71151,
WA B i Fl CONVERGE %t #7119 SAGE #1711 (161 B iy ¢ 440 52 B Wall-function 5710171, g4k,
A 02E) J1% PR B 28 WL I B ko 1 78 v % 2EL A0 VR B 43 A7

# HR D FR A O S R DHER T, B J3E 2508 0.35 bar A1 1 bar. #57 K%
PR Joe 5 1) BE T 320 58 SR PSE R T3 58 PR T 2 DU) 0 7 R TG 5 380 SCM 550 K, K AR ZE (14 [X 3R AT
B B 73 8 750 K A1 850 Ko i kIt AR 7E KA ZE s DA B, R4 — /N EAE RN 0.75 mm
MIERIR K AZ, FLREE N 0.02 J. N T HF FU M & 1 BRI AUk 56 X 5 AL 28 & 52, X = ANBEE IE R
AR IR R 1) = Fhme Sk 58 26T LL A i T-3E <A A2 A 465°CA & 209°CA BTDC, MiZliE
I 35350 08 AEFEIE ST TR P I ZIBOC AR 2 2 J5,  DAMRIERE FHLE R I 7% . Bsh, RT S
SR AL REEAL, BIE RN E ST TE G KN R 2 4 AN A A RS Bt
NIRRT BEERK . AR ERERMER SR E.

i WS IERS/° CA N & AR EMESR/ nge AR =
BTDC /° CA ms ' /mg
Al 210 20 0. 2670 0.1978
A2 210 30 0. 1780 0.1978
A3 210 40 0.1335 0.1978
Bl 160 20 0. 2670 0.1978
B2 160 30 0.1780 0.1978
B3 160 40 0.1335 0.1978
Cl 110 20 0. 2670 0.1978
C2 110 30 0.1780 0.1978
C3 110 40 0.1335 0.1978

2.3 AIATHEIE

BAFHTHIRR G EWNE 3 Frn. N7 ST RN TSR RE. S55450H
TR, (EHFRIE ISR PRE SN . R E 32T R R AR T3] BT (HECU) X &SR
PRIM I S HL B KB A T S s ] o VRN RIS R G0 K 5 VA4 WLSCHR[4, 10]. BUE H SRR
IESERRL T 00 : R ShALEFEE 4500 r/min, 378 & 7J(MAP)N 0.35 bar, s ki %] 25 °CA BTDC,
MEH O =1.0. BRESRAD MBI a h,=3% Al aw,=6% 9245, XAt i i B A A HE 4T v]
ATPEIGAE . BEAL,  HFVRIMA RS T R AL =AM == 1) TAE L R e 2 —FE, T BRI IR
AR, R R R I T A AR AT B A S 2 SR T
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R %1, 7 450 °CA BTDC W%, @A SMESE AN ve % 3 th R e 25T i 1] B2 I J5 2 T A
W LR N, SRR P2 A 9650.2 1. 7E 395 °CABTDC W%, BEERSEIFEY K, &R |
AN ARG N, G iR i — 2D i3] 9960.9 s, 7R 295 °CA BTDC B Zl|, BEE#AKEE
B IRIEIE R, EAR A | FEEOE A, ] 1R E R 5UkER, iRE] 1 RS L
WIIE LT TR =, T NP HTR B PR S 3218.2 1. 78 Al J5 RIS %(210 °CA BTDC),
FEARAT AR BRI G 1] 1) BF N BIRR S 1, iR O AL T 2SI T, it — P R
F]1912.2 s, 7E Bi /7 EZAIBHIT %160 °CA BTDC), & H] 11 ARG AS BT, WHE 11 iR
A FEASWIE T, W N FPERRPE RN R ES R . (E Ci 7 MM I %1 (110 °CA BTDC),
TR AT FEEGH 2, BEIY RS 227 I — 800 ERis, G T30 E KR 1496.5 s1.
R, 7 =MORREIBE 20T, i 1RO R &AL TR G, ] 1RSSR A A
FH AT AR M S0 B 6T N T et .
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Mass fraction of Hz / % Mass fraction of Hz / %
165 *CA 125 °CA T5°CA 25°CA 3.5 115°CA 75°CA 25°CA 35
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e e — -
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B 8 fihiik T il /1 15 °CABTDC, 5 °CA BTDC, 5 °CA ATDC #1140 °CA ATDC i %!, A
M S IE I A UK B8 T RIE = N A B AN SOHFEIE L. KA iR OH IRFERRERAE. T
TR S-E AR EWE AR BI 7R N2, Sk fe 5 Em S Rkl MWE
8(a) (b)) AT LR BN, X TR Sk %, 765 °CAATDC ZHi, Al FHETFOMXIE Bi FE T K,
KR FER PN Z A MAERR R = AT, JCHRAE KAEZE XS, S0 B A FE (R i T 1A
it HAh, HEHGEREH, CRAXIEEBT KT KGR, IX R AE UK T 1 1S
PT B KIAETEREE . IX2 TR BT AR e N AR R R, R s S X nT LA1S 2 58 PRt K 4
T, [FI R R R T DL SRARRETE 5 °CAATDC 2 )5, K JEAL I A it s & 1 I A AR T 36 . {5
AEAFI B HR T, KIGTIEAERE R = 5 5 X, &R T 6L N AR IR X A AE

HE 8(C)E H, BUFHIBARIERE I C2 A1 C3 TR, KIAT LML RERIIRbE = J5 & HH B R
WA . XA SE 2 R AT AR KA ZE SR be 3 Ja B M, it TRl kIR o XAt rT LA 9
UEHT . FIFAE RO Z SR T B TR MBS Y, of AN [R] S05T 70 ) I — A0 2 IR K i AT P
o T PRIEE MR ILIRIFIE 0.8 AN, -2 UR AW E A FUF HAESETE B AT 28 R
SEN 0.75G AN ) B & LA 0.0498) Spo RALIUM-Z R EWIEA FIZU R E 72 HUT HE K
W SURAEE T -U-2 R EMEA AR E T WER KGR 9B, KEd g
EHBE SRR 1.4 K4, SR HTE 1520078 FE P . M FRBEIIGER, KIGHEEE
THim 7 =ff. Bk, £ C2 M C3ET, M HMEIRE LA EREMIG T ERM G, i
A H T KA BIRE % 5 TR I BRARA DI tB4t, ML 8(c)ie T AE H, I TREMMA T2
whie, DERETIRD A CHAX, FEMIRAEAT T ARIRR S YT DA 2 SRt — P AL

Equivalence ratio (@)

07508 1.0 12 14 16 18 20

LI N T N 1 T N I T T N
230} w J 100
=, - - =
v / =
- 480 3
§_ 25+ . ] £
: S
g 460 £
= =
= 20+ ) =
g g
= 1
R~ - 40 p=3
T 15F T=T720K 1 o
N P =0.70 MPa 120 £
£ I Yo Y, = 0.0498 =
2 10+ do

1 i 1 " " 1 L 1 i 1 " 1

1 L 1
0.0 0.5 1.0 1.5 2.0 2.5 3.0 35
H, mass fraction in total mixture (£, ,)/ %

Blo il KL

10 &3 H AN ] 55 L I AN Uk 98 T T A S SRR AE AL H, - O AT OH [ E A PR AR B 7y
B H e i B e SRR R A 1 S LE I AR R UK B ST . IR TR AR
USRI R AR . SILFERS, fE C2 A1 C3 U7 & T KGRk B = Ja B 0F e e kbe, 1K
TSN H, O A1 OH (IR B B A B DRI, 2 Tk B S O L 1) IE AR DG 1k, X
Be A R T DU AR BE SR . X SET GE W] LAZEE] 11 iR BI5HIE
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[ 54 . Spark timing =25 °“CA BTDC Case Al
25k -0 - MAP =35 kPa, ® = 0.8 = = =Case A2
< | - OH 71k N = 4500 rpm l/"'"'-.\ P Case A3
= . g ,-"' ST -Case Bl
5 20F :Z 18k / ;’ .\'p.‘ Casc B2
= I E e “ Case B3
2 5L g 151 . 5 Case C1
g ! £ '_;;’ - - -Case C2
o i —“E’ 12 / | === Case C3|
g 10r z 9
= I £
& el E—’ 6
-
Ik
TDC
0 i Il " 1 i 1 L 1 " 1 " 1 ]
Al A2 A3 Bl B2 B3 Cl c2 C3 -60 =30 0 30 60 90 120 150
Case number Crank angle / "CA
FE10 H, OFIOHIEE I & 45 ¥z B SERET N

B 11 SRR A RIS R A K 8 264, F AP 360 R B il i A8 A . B
5 S IR I R HER AT UK 8 (A, WAE ST R AWK, B 2 f it b Ar B WP T . X T WA IE
BHHEE, 5 AL I Bl 7R, CL 7 R HEAEELE 40 HIHE 0 14.3%F0 6.8%. X T 1T Uk B8 1 2E
£, T CL %R, C2 1 C3 J7 EMIEMEEL 4 T 51 39.4%F1 52.3% . 1% A2 H T4 ey (AR FE
PT KIGAEREIESE, TR NS o SR 6L PR3 0 %) (RIS 2 (ST Y SR B T, 1% A NOK HEX
VI et 7 dE E A . B 12 #5R TAEHERT T I ZI T, - HLE A RIS R R A UK
i SN NOx HETBCI I T 253 4. NOx HFBUE 5 155 20 1E i AR HEIR RISk 56 1) AE KT 3 5. 78 AL,
B1 A1 C1HE T, NOHEBAI & 43505374 0.117%, 0.130%F1 0.161%. #H Lt H At i 5 me,
C2 Al C3 J5 %1 NOx HEUR =i

—=—HIT of 210 "CA BTDC L2r Case Al
030 F o— HIT of 160 °CA BTDC e A
i o o ) = — —Case A2
—a— HIT of 110 °CA BTDC 10+ /7% R =me
o = i : "._‘ \ Case B1
Zz 025 = 08} HE Case B2
e =] H oA
S S il L Case B3
g 5 ! . : Case C1
2 020} el i - - —Case C2
: rRL
0.15 = il
— 0.2 i ~
B o % e
0.10 . L 1 0.0 " IR T P St Te e T
20 30 40 -30 0 30 60 90 120 150 180 210
HID /“CA Crank angle / "CA
P12 fEUT 4T TP ZINOX T 43 41 13 coli it 74

FEAN [F] W S T I R SR 96 26 AF T, CO Jit 5243 £ b ith b % 1 AR A i) i 2k an 18] 13 Fo . CO i
3B 2 RIS KSR S . HBLX R T CO R EMRHERR RIS AR i a4 .
KB CO HIAE K JAT B, o &7 Bt JORETH 3T R 8 K o 78 A T 2 R 0o = B 1 5 L i
FUZER/N, CO B HUBE L FEC. F4h, B KIGERRE B R, CO EfE it & 7 Fb i & 1k
N PRI HEIR FOT 0K 58 B S T 3G K . NI HE T BUE H, 7E 210 °CAATDC W %I, CO UEEAE i &5 4k
B SRR IR G K, 7E AL, BLAICL R, CO HEBWI &5 %05 7124 0.110%, 0.120%
F10.165%; #ATT CO AR Ji & 73 HU Bl T UMK 98 1 2B 1T PRI, C2 F1 C3 7 %21 CO HEst A%, 43!
4 0.016%7F1 0.008%. IX/&H T7E C2 1 C3 7 LM T K IGE AL i 2B e =, 1Xh CO fE/M
PRIFAE TR f 7 A AU, {8 CO ) T (4t — P10, i C3 77 &1 CO HEBURAK
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4.
@)

)

®)

(4)

45

Z RN, SRR IR E BT 200 1E KA ZE XA 5 A b 2 2 Ta) ) S 2 Pl
SRR HEBR AW S L 1 K TR s BN E S R KOG v DR R R R, K E
7B TR ot M A L T ) AR AT Sk B P S K T R

WK 5N 20 °CA, WIS IER Y 210 #1160 °CA BTDC Mk, Wi&IER Y 110 °CA BTDC K
VBB 70 01 389 0 14.3%F1 6.8%; {EMTEIERT 4 110 °CA BTDC FIMiE ik % 4 40 °CA %4+ T,
BT EUE A0, KIGREHE AL 1k 2 R0 = 5 S T bR AR BR X, W {F 6T e bl s B R Ry
110 °CABTDC FJik &4 40 °CA T 51 52.3%.

NO HE A 1) 57 2 7 H0 B Wt S 1E B P4 IR R Sk T () S K3 n s W&k %89 20 °CA, NOx
HEFBC ) Joi B oy H e 2 E R 210, 160 A1 110 °CABTDC 435124 0.117%, 0.130%7#1 0.161%:
i EIER A 110 °CABTDC, W&k 5 30 F1 40 °CA K NOx HEBA i i 24 $oidk— 5 3 n, 43
58 0.257%71 0.268%.

CO U AF Joft = 73 B b s S IR I R HEIR T 3G O, 7EMS SRR 2 210, 160 #1110 °CABTDC %4 T,
CO HEBI IR &5 5053 318 0.110%, 0.120%F1 0.165%; CO AR i & 43 Z b it Uk 6 1) ZE 4
M RFEA%, 7EMTEIERAN 110 °CA BTDC MBSk %A 40 °CA %4, 153 1 &{%H CO HEL,
HAE 4 0.008%.
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