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Study on Combustion Chamber Shape and Injection
Law for Direct Injection Diesel Engine

Automotive Engineering

Postgraduate: Xu Zhengwei  Tutor: Peng Yigiang

Abstract: Because of its good performances, more and more diesel engines are used
in all kinds of vehicles. It is very important to study the direct-injection diesel engine
combustion process for increasing the engine’s power and decreasing the pollutant
emissions. In addition to test methods, numerical simulation of the combustion
process is also a good method for investigating the process. In this paper, AVL's

FIRE software is used to simulation for vehicle diesel engine CA6DE1-21. Work

focuses on the process of engine cylinder, draw influence law of direct-injection

engine, such as combustion chamber and injection law. The work described in this

- thesis includes: :

(DTo analyze the characteristics of gas flow in cylinder of type I and type
Il combustion chamber, the effect of the combustion chamber shape to the gas
flow is got. Through analyzing with characteristic of gas flowing in combustion
chamber about straight and necking mouth type, it is shown that the combustion
chamber necking-type is conducive to the formation of large vortex strength,
while conducive to the spread of post-combustion and reduce emissions. The
advantage of the straight mouth type lies in bumning the initial flame and
spreading better. ’

@With the @ combustion chamber of necking I type as the model, two kinds of
different laws of single injection and pre-injection spraying are chosen for
analyzing. The results show that: compared with smgle injection, the pre-injection
can shorten the warm-up time, so that the main spraying period is shortened to
reduce temperature and NO generated in cylinder.

@In order to optimize the the combustion process, and make mixture formation, the
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structure of combustion chamber and spray law are new designed to reach the
optimum state, so that the level of combustion emissions is relatively low.
Simulation results show that, optimal design of the combustion chamber shape
and injection law can be significantly improved direct injection diesel engine
combustion and emissions performance. ,

KeyWord: Direct-injection diesel engine, Combustion chamber shape, Injection law,

Combustion, Numerical Simulation
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Fig.1-1 Exhaust Emission Regulations of M1-type Diesel Cars and Light Goods Vehicles
(Weight under 2500 kg )
B 1-1 M1 KL E SRR SRR HEBGEM (ERRE 2500 kg)
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FHE. M 1992 2, BRIMFFEASCHERK 1 (BR I BGAIEHERPRMED): 1996
RITFAASTHRR 1T (BRI B A NIER AR —BHEHBRMED: 2000 FEIF4A5K M
BRI CBRITEY A NGER A —BUEHSPRE): 2005 FRFLREMERIV (BRIV
RIRINIER A P — B SR () T BRI S FIBR A R B K W E LT iR
Wit T RFERLEMERR V iR, T 2008 FEPFHELH. S8,
HEBOK FERIET™, B 1-2 TR BRI ST Hehn e

B S 5% b 35 2 () HE ISR vE
Exhaust Emission Regulations in the EU Today and in the Future
for Diesal Passenper Cars

My, T Blardsrds ingfon
= ECE RISOA: SR Lo 400 S I N1 21590 T 5
* ECE iS4 Siandards for the Foulvalest inerils ¥Weigh

Fig.1-2 Exhaust emission regulations in the EU for diesel passenger cars
B 1-2 BRI 2 HE AR AE

% E 2 REHHRARA 1975 FHA4RIX ESTIRENRIES FTP-75, A
1974 A+ = THEIAE R F A S MALIIHR, 1984 FRBCARSE. B
FHXBEXEOIRTE, ARBROAERE, AAETKPER R
SR FE. BET, KM, ZEMAEAZX=MERGRNSAERNE] 2010
5, KSR S A HE SR AR HE AR 2 I EBOE THREI K. Bk L
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2 1-1 £ [EERFHSEMPHEBGER
Tablel-1 Exhaust Emission Regulations for Heavy Vehicle for Diesel Engine in U.S

US-Transient EPA CARUED 5
Test Cycle Truck/Bus Track/ il i Diesel
[g/ohp.hr) *.value different for ous bus | Diesel | AFY | Diesel ARV
Madel Year 1998 | 2004 | 2007 | 1994/96 2002 2004 | 2007
NOX 40 40 05 | 504.0 - - 05 02
NMHC+NOx - 25 - - 25 | 18 - -
Particulates | 0.1/0.05 - 0.01 |0.1/0.05] 001 | 003 | 0.01 o001
NMHC - 05 - - - - - .
HC 1.3 - - 1.3 - -
co 15.5 - - 155
EPA Environmenttal Protection Agency  CRAB: California Arr Resource Board
AFY: Atternative Fuel Vehicle

R 1-2 WK E T2 RS AL ISIE A
Tablel-2 Exhaust Emission Regulations for Heavy Vehicle for Diesel Engine in EU
Euro2 |  Eurd3 Euro4 Euro$ !
ECER® | ESC” ETC? ESCY ETCY ESC ETC* !
Testcycle | 13-Mode | 13-Mode | Transient | 13-Mode |Transient | 13-Mode | Tramsient
gkWh | gkWh gkW.h pkWh gkW.h gkWh gAW.h
Model Year | 1996 2000 2005 2008
NOx 70 50 33 20
Paiculates | 015 | 0.1 015 | 002 [ 003 [ 002 | 03
Ho INMHCT LT [ 066 | 078 | 046 | 055 | 046 | 058
CH4 167 117 L1
0 40 2.1 543 15 40 L5 40

D A U 15 R AL B SRR
D M NOx FABAKAABIEHIA I
D ERFABRHL
BEEHIRMERRMHE, HAFETHANMRER. NFBEHIRE
FERH 1970 G5 1989 &, 3T 20 FEMIBTAI B, PRIGHECELE TR FEN 90 4K,
BERAEREA MR Y, REARERETRAMNMER, MHREHREES

HOREH, SEMEHRRER e 125, W 13 Fir.

0.4

Particulaies - gAWh
=
1

NO, - g’kWh

Fig.1-3 Development Trend of Exhaust Emission Regulations in EU, U.S and Japan
B 1-3 Bkl SRER B AHBEA R RES
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1.1.2 B AHUEA

FREEFML, RENSHERBEMLHRE SRS . BET 1983 £
RESE MRS EHEBURHE, 1994 € 5 AFFIRSEM, 1999 EFFMH T H—RMHBR
BT T, Smbl TR (BHEMRHBEESD R E T 1999 FEA7T .

BRMEREEEEER. HREMEESEETIENBES TRERERR
BTi. ERSBERENERE, REHEURKNOKEERANES, £2EZ
B TRk #ETE4, ECE AR AN BRI AEMER L, BRT FE
HBEMAER. M 2000 FRFFHLATER T AR (BRI 1992 F3£4T), 2004 F
FFERSLATRR INFRHE (BRI 1995 FESLAT), 2008 FELATRRIIARHE (BR# 2000 £F
EAT), 2010 EREEFRS. BaiSMASTRME. SmERBREMN
BB, XERERES SN, ER B RMHBIERER EFHITH.
REFAREAT, BHRIRENHBIRME GBI8352.1-2001, HAHMFIREM
TR FEALTFRHN 20 #HE 00 FRMWEHNBEKER I #5,
GBI8352.2-2001 04T Bk # 20 42 90 £ P HIT M BRI ERK [T ArkE.
B E BRI HEBRHE GB17691-2001, FHEBPREFIMIA 7540 24 T Bk K A6
LA ERIRERK [ FBR A5 R EX FREHRMERTRIZE 2010 F£5
E PR HER R,

F 13 PEEREmVHBRE

Table1-3 Exhaust Emission Regulations for Diesel Vehicle in China
L £} B | BELAY | REUY Br PN HE
51927 3] {00} (HO) NOy | sscw | >ssew |

1 |20009.1 45 11 80 061 0.36

2 1200391 40 11 70 0.15 0.15

3 200711 21 0.66 30 00 013" 08

4 1201011 15 0.46 33 002 05

5 (201211 15 0.46 20 0.02 [iX3

(1) AEEFF BT 0.75am®, BEUE S S AT 3000/min 8R4,

1.2 BURSEH AN B S AR
BV EH AR R R B2 B IR B B sh R IE
BARRRHNELWNTHERR, ROZTIFENES ARER. KRH
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2. BENZRENAEES N RIPTR, 81 HHFESRERLERT. B3
KERAST BSEARS). BN BERRE. AR LEERTE
%%[41]0

17 R RAE REX

1..1 FRAE

o RBEADTTRRE TR RS RS CAGDEL-21 R TEL R Z M,
A CF A CFD 314 AVL—FIRE M AR5 E R AR SHEER THRRES
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AR RS T=EREEN, FEEMT LIRS TR TR AER
Y. WiRsEe. WERREESHIRANE. EXLTeEm L, Nkt
R E TR I AT T S AR K L AR 5T .

FXHAHRAENEDT:

1. 5ERX CA6DEL-21 KNG N RBRIEEIEE, F FIRE RAXIL
RANHUEL A FLAA R P # o

2. F FIRE X EB KPR &R RS BT =4 HEET.

3. FRMIEZE IR CAGDEL-21 REWHSFH AR WAE,
EAVHRT SHERARNBRES, RESEREZIHREHF R,

4. ARBHAEN CNG REIWBE[HAKNEHAE. EEEREER
REOBERIFEET, EEMEFAENLNRESSIKRES A RIBFEHZ WS,
R FE.

5. REMBEEFRMBUH MEMLET R, FHITREMEEDIT.
1.7.2 AEEX |

EHWE L EZHRY NOx AR, FERRTRERELIRE. MRS
RELRERSREEARESINEREGRR. AR EFHEAEE, BT
FINOx MAERE, ELARBBEWARKEE, BERRHRERE, FHT
FHEE, [ NOx £EMEWD . EEMEER, MABEREHITIRES, |
B R, FHABRERIE, BATF NOx £RERD. BTk, WEHIWH
NOx HEMAEEZR, MAEHREZENTREIIAERRERIREERN.

HERRIVBREEANSRENREREBUME T ERR TR ERE
BRI S . MRRENNRZFENRARBESR, FTE-LEHANE
HRESIARE. Bk, B EAEMTERITREEANSRES) 5 A
M, B—HENFR. 2XFA FIRE %4, M=FFRLHWERMZEOE
Eoi AR ST THEERTE, S ARAREESEXTREENRRES)
DMEELWH, MESTXFSIES RN HEBr . .

ZAREERLEBIIRANSE ORERAREE, SHARSEHERE
ZORMBEEARNSTIEE R ERERE, FURAKBEIEREZ R, £
RERELEXNELAMER.

13



P RET L EAIR

2 AR AL B 5L

BETENRE. mIERNTEE. BEXERITHENNGIHSN CFD #
BIRSNBTIRRE T RN EM. BTFZEERNYELRORERLTE&E
K EEILLhs, RMAERMRRE . BiTARIEEREERTEE
FREITRERR, FOBATI ZHNA, BETERRERLEYANT
CHER, BRTRENTURES, XARINEE. FR. Bt RARHRE
RREBTERMNSENE. ‘

AXMA FIRE BB T ETERRIIVE AF G RREOERTS,
ARBAFNERRR PEEBENIARESRNER, BTN ERRS
HUES. SRR,

2.1 RHEMSH

A —IKEF E = CA6DEL-21 EREFSEMPLIEREESR, iR
TEMARSG OB EBRRMEE, RN#TTRESTE, 20T AREHY
HISE ARG Z X S A SR P 2 . & 2-1 £ CA6DEL-21 &3
PLEEHEARSH :
% 2-1 CA6DE1-21 RIWLEERHASH
- Table2-1 CA6DE1-21 Engine Parameters
T H | B EARZH

itk HIINGL, KA EB BEFTH
L fir 6

2 mm 106

T2 mm 125

E4EH 17.5

H& L 6.618

WREIhER/HEE kW/rmin? | 155/2300
BAHE/ AR N'-m/rmin” | 700/1600
RICRMEFEE | gkwh 220

mE L3 A 6
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2.2 e E gt

BESERNRESREZLEMHREEVIXR, WRBEERTAL,
WRHMARZL., #[SEASESHE GBI RFREERIER. ER#RERSEN,
EEMNRBEERR, RSEAF. ATENTREREERMESR, FAEAN
MREECMEMLRE. A TLRREEREAR, HREMEMITRA o BR
=,

A TEANFRREZTAR CA6DEL-21 RIIHLAGFALIT R R
8, KXWRIT 3HARERE o BREE, E8RHEOK/DOERRNHE
M. 3 AR ERRIE 2-1 i, XEREERTRRARSS, 0
BRATARRSE AR, E4ELLERA 17.5, ®EHA 25.8mm.

6045

M en e B P
X O (¢ 5. .

Fig.2-1 Three Different Shapes of Combustion Chamber
| 21 SHARRRIE

EMBRREN OTREE, HRAEERETEND o BREE, RitBHE
K. WIRRSHFEMIED, BE5HFNEREZRRNECRIEERRKE,
WOERD, FRESRENSREHEE—ENTIZEH. AELETH
XA = L R B B AR PR AR

24 HRIREII NS D o BRIRE, RKAETLEMERAR. &it B8
H: XA o BREERKERRIEARREAERN—MITE, XMEHT
DUEREE ARDFRIIER =4, EEEFEERHEELAFERRIE
W, XHHFRAERTMA DL ER BRI BT RR, RANBERREZER=ER
SBHTRA. MERRIEERANTHBARERGENTARRATIFIER
FRIBEZUHER .
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2.3 =R ST

WERSEAG B — N EERTSR A R LA TR AT B g,
T L TAE AR M LA G5+ 2%, Atk L Ses ki o EAE R
3 EAE, FHEEAERITE SRR AR REWNATIR T, HBAERN
RIS AR REMERESR, MEEEUETTHFKLE, FER
BEAEBHSE, R, FRETRSIERA. BASKERT,

R ERAMT, ASCRA CATIA S4B SR, 45 CAD X
. W 22 Pior.

Fig.2-2 Entity Model of the Combustion Chamber
B 22 MR LAY

7E CFD Mt S, T RTERHEKR, —Bx I EEE AR
PREGACKEER . AR UIRGERERRS, AT LUARSE BE I 2R WL A HOR R AL
wE, WETEIRES, UERBMREEHRE. ERENZMFT, LR
RER AT g v SRS (8. TP =R E MR P OXRRE, BX
Fi 6 LWt b T g AR, EARWTHERMERT, X
Al 1/6 STHERY, i 2-3 Fior.

Fig.2-3 1/6 Entity Model of the Combustion Chamber
&l 2-3 1/6 #%5e = SLAFAERY
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2.4 THE MR A
B, 1€ CATIA FH 1/6 BSR4 STL MXHHER, FAFIRE
iR, ERBREEREMREE, W 2-4 FiR.

Fig.2-4 1/6 Combustion Chamber Surface Grid
I 2-4 1/6 M= KT

#|F FIRE 1241 B304 M T A FAME 3 #%e = 2 03T MLl 7. BT
R RS A RS A B R, Bk, A FIRE RGN
B 5E S, UAAE PRI KT BE [ A oe B TEAR O MU #% 44 . 81T CHECKS a2 H &
PR, BRIREE BA A R BRI SUA R IE A R .

HFEEESEARTERIZS), %8 FIRE ARG FH3) A R
BN, a7 B EAEAT R (8] LA LG B R e E RA%, P i E
VEIETE T AL AR DA, BT R i ZE T ) _E b A AP, RN TER
) kAR 20 EAREI RS . |

ZEI TN EARKRL, BENMELFRDI AWK BMREE
FRMEET EBMBITHAR. HEEE L. TIEAEEABIN, T2
RAIFET LA AR, TRAREZEERAR. PrilERLv SRR R
B, KEASELAR S ARG, B SR TiE ZE T A AN AR R e = 2 1)
W R R ZE T L A 2R 2 R A% o FRARSE R A R ZRAF 2, AT B/ IS
BEMTEIER, WHEELRTRTEMNEDA S5 ZE 10 Z. 20 B=FH
K. T, RE\FEEETARNARACCE, FIRE SR B3hEAA R
WHEMKE. EFH#S LSRR 0° CA B4 E1ESN 360° CA. WHHIEHECA
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1% WREE
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3!

# 180° CA E Mg

320° CA EM&

340° CA iTHH M
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Fig.2-5 Mesh Generation Process
K 2-5 R A it RE
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180° CA F540° CA. HERM 180~320° CA JEF, KA 20 BitEM#E: A
320° CA % 340° CA XA 10 BRIt EM#E; & Lk SMER 340~380°
CA TEERA 5 EMTHE MK, 380~400° CA FEEKA 10 BTHE MM 400~540
° CATERRA 20 B HE MM . HEERDFAMEINE . XERBEEND
B, EET L EEL AR PR /AR Bl e R 45 38 4, SRS E
BEZ Mk, TIREEE AR KA B URFAZ. HIELAERE 330~420
° CAREAMT. BREBEET IR BERREZHE R MNE S B 53100,
BEEEIESARKMEEBECH 23500, HEALE LM HERIEHRE, XiF
AEME 2-5 P PR R,

2.5 THEVIME & Fh 5 &
2.5.1 s 4F

% FIRE B, SHLAERSIHECEE (e sk,
R B B A A ESE 1600rmin, BRSIAOLSHRELS, AF
RRMEERE S, HESERREE, AV AE R
X. Hb, #BIBRALEBEE KETOTERRAEH, UETRRL
SNo=1.8 fE 0t AT AL, HEFEGRRZIE TKE (m?/s ), BHKER
RTLS (m), WRBBUTARHEERW,

TKE = (3/2)x u? -1
u=0.7x2x hx(n/60) (2-2)
TLS=h /2 2:3)

ﬁqjv h%\(ﬂpﬁ'&g (m)’ n%%ﬁ (l'/mln)v hv yﬂ"’hl‘j%ﬁﬂ'ﬁ (m)o

2.5.2 s R &M
BREGREMITERENHERENEEREZ —. HHRTEERMY
REGRLARREEBEEMN—NXRBEAR, ETESENBERDS, &
AR AR R, WSERIERKE 2L T &4 XE U E .
R E PRI RS 0 E AT AR A RLR &4, MEARINI
et T, —RERAEGBREARAM. R, B8k T 55 gRER
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DR EREZHEBHES, BAEARTAESEERE. SEWNE
CRFEMH) LRSI, BTGB YE LAY, LEE.
B AL AR <
(1) EENREM

BEAREUESHE RS, TRENRERENEIREE. T
RAKES), RRBBALE, NRELNREHEY TRETLEHN T RES,
EEFEEFMER, & o BER, W U=U,,. XFU,, WETEHEE.
SHFRETE, —RRATRBELE, BN DR AL S B A
A, YBEEERHN, BEELCHREEENT, 4BEEHN, EELHH
GEEAU=U,, . EEHES, SEEEE. FEREURSEETLEE
BH, AELRBLAEE.
(2) BRELFEM

EEAEWERMEEETRENAREE. SOTNRREER,
BTRE L AREERAGNARES, HLF LI RTARERET. MRS
EHREE L HRAERE, BTENRTNRARSET, SHERNNEE
Fk, BTATHEREENEERE. ¥T4AREE, KEnREREyE.
BEAREZRRAMEEIAR, FEREESHEAREHEROEH, 5
BUSHL R AT BET A AR 2 T A TS0 B e 2 SO R A B B . A0
EAREEHEEA CREREEREE. K, HETENBHLR,
SEEBEMSERENE LT, MBERIMEEN 553K, [EEEEE R 400K,

EEMBTEE N 590K.
(3) BEOF &4

HMEBHREEE R b, NSHEFRSTROEE. HTHES
BRI RIEFEMALERE, RERNEEZEREAES. XEMFMEELT %K
KRR,

Wi TR S MR R A& REH AR, EE AL, SHTHREY
FREAEER, WHRT. BE. EERNRHSENIER. BERER
AER), A, BRI SRR T LR AE S,
R TR E AT

20



PR FEI L FEAR T

RESGERFER, By HOC-VE y TR (/7T /), 34 F
XPWFRE, BERTFRFHEEr SHfEMEMRL. BT IR R EM
[, BEJE i —BE A (e 32 AL I BEATL R A e i L

WV ) 2 BOR B A R BRA R R KRR, HP Z BRI E R 2% E
O, WEHOKTRATUERS S, TEENRX KB IFR—B. &
BRAARR A, HRST B85 O R I F 1 S A HE Ut 2 18, T35 0
BRARARED, 2208, FAERERTHVIGEEEEFAR. RERRER
PR, AR KTHE y=0M 5=j,, HFy, RRATEHIEZ MR
R IR

2.6 BUAER R H ki

FIRE R St HR AN FERKN=ABEELTE (RETETE. 3)
BVEAENERETEAR) HRN, BRETHNARN IR R ER
B, SERANR. BT AR, BB, MBRRE, &
e EBR SN TSR, KEARREMNATIEMERGE, #
7T AR AIERR .
(1) RETELRE

RS B LH B TEER, HARTRRN: SO E AR
BT RN, ST R-—EEREARNZEOCENSRE. #RX
—EE, ATUBHEETELTE GEEGE)

"gtm +9-(p, ) =V-[pD- VR4 p, 4" 495, 2
P

A

pi—H 7D m FIFEE, kgm’;
p—BHIEE, kgm’;

U — AR, ms:
D—H HUEE, m/s:

Aml—Dirac delta ff5, m=1, &ml=1, m#l, ml=0;
P Ak RN R A IR TR
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PR FEM AR5

P — B A MR
FRE A, BRI BHRAEEFER:
. : %:-+V(p-i¢')=f)‘ (2-5)
(2) ZHEFELFRE
HEBETEERREMASNRERLIFENELER. ZEETERRNY:
WoTA P R B BT B R RE T FEREEZMTE LR EM AT
M. AHBHRBBREYHZETFETEN
ﬂ‘;’—mﬁ-(pa-ﬁ):-%vmv@-ﬂ/[%pk]+F’+p§ (2:6)

A
. p—RARES, Pa;
EEHNH, 7 (PGS: Pressure Gradient Scaling) HEFEH: PGS
T UREEDHERA T ENE, W, REEHELHES. mERMEE
PGS Ai%, Wa=1; WEAEA PGS Fik, W obER A%,

k— IRk EIERE, kI/m® ;

B —WiB, BENEL

G — N AR, N/m;

F—i RS RS A ARFRBNENE, kg (m).

EEWES, AcHIBMEN 0; RARXRERN, A KBEN 1. N
TR BRAFMA%HER:

o =u[Vi+ (Vi) 1+AV-u-1 Q-7

R, u. ARFRE— BoHERY, LR TRIEE, 1 REAERE.
(3) REETEHE

a(—;:ll+§(p1ﬂ)=—p§ﬁ+(l-—Ao)p{7u-§-J+Aope +Q°+Q" (2-8)
[—BREWFERMELNEE, Kikg ;

REERE] (k) HAETRNRT BERAK B
J ==-KVT -pD> h,V(p, /p) (2-9)

04

AP
T—A#HEE, k
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hy—#4 m §943;
e —imii3h BE IR R
k—HEFREG

o — IR e BRI
O — B T
BB AR St AT AR R I Ui B A

2.6.1 #AMA

REWUL N HSREH B IE T RS KFREEE, RMERE
EEFURATE—ROSHAREEE GRE. RIEMFR MEEMARE
IR B S, 0 BT R VAR A A4 2432 R T L S R T P R SRS B
TEREHE RSN AR TSR ER AT, AASHEHT BiHABLT
BB k-e BB, S RIW TSR, 23 RKHEERNS
#, BOAA R E AR A SRR RRERM, A rtRA
SRR, K RMEIEE. & RINHIEEMAEEE, ERERT,

k="?"=5 u2+V2+W2) (2-10)
e = B[ 04| 0u, (2-11)
p LO0x, Ox,

H, oy, = pcy";z, C, REREH N 009, E#F“/” REBKNE, Lix“—"

REX W EEFEE, 5 AEERRUFREATANSELTE, w AEEF
REFR=AFTRAPEES &, i KREERZ (1, 2, 3).
TRtk - AP, ke RRANMEARME, SZHENNMRETENR:

olpk) , opku;) _ 0 ok

Uu
=—I||u+—+|—|+G,+G,-pe -Y, +8S (2-12)
ot ox, axj[( c,,Jax,] e TPE T O

a a0 BEY

2
6(ps)+6(psu,-)___é[(p+_Ex_)ﬁ]+ch§’;(gk +GssGb)—ngp§; +8, (2-13)
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K, G, =u,[%+%]%’— » RHETFHEESEET RN H=E
j i

J

ot
Gy =g, oo+ RAENIRURARNTET, o HEAMEE i ¥
FS R, Pro T
Y, =2peM?, REFTERVicH BT KITRR, M AMIADHL,
o, o, SRR SMEE K AFERCE s RMAT T3,
Ceo~ CHIC, AERFEH: S, S, AP & X KPR
ERERERA, BTURENEE SRREREEIINRITREY
REBA. A CERFERTREMAY, RULE R RN LR
mEH, AAHEWT,
U°N=Uyy-U (2-14)
AP u BEARGRE, 0 FTHER, o HIEIEHEE, u AR
S REEHEAHRIAE, B
3 € >Re,

v
?‘{%m@W¢®+3 £ <Re,
e, R ABIREOIES y 2%, it A EE RN R

MBI REN. W v=ju—u_|: &HBERAMNE B =22 .

(2-15)

nair(T) ,
C,=05; Re ,=114; C. B&5lA

1

C= \/ C,f (C62 - C,I)Prs =0.4327 (2-16)
1
B=Re,~——F——~ 2-17)
cln(Clw Rec/s)
sesh, Py ABITIEE, METRRE

Ty =pu’

A F 1, BT TEREMTIENS.
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2.6.2 HXABAER
FIREF KA M4t & KIEEI R “Shell” BRER, “Shell” BMER 5
VIR FARA AP Z N, SR RERXTN &S FERBIHE KA
%o shelBEERIBRREHIBR K £ HMRELHE KA, XERENEREM TR, ABH
R FR 9 FA T e pe o el 91,
7E Shell #R, MEKEF KTRD 8 PXHERNEL, 2% 4 ML,
Sk EEIRRN, BERRN, XERN, HLIERMN.
RNGERITF:
@45 K RN: Fu+0,—1>2R
O#EIEERN: R—2>R+P
R—2 3R+ B
R——-—)R+Q

R+Q———+R+B.
O R N: - B—2 2R

w W L)
® 4 - K py {?‘z‘ﬁ%,\ RN R—22]

SHERIERR 2Rt
7 LRATERS, Fu CoHln WAHIREER: R bbb s B B 2,

B AHHAIH (KEFH): Q NIEHREFY: P NIRRT | WS
Be ko ko ok ARERSERRE. k BHEERMFER, FEEAN

R HFERMERRY L, 7T TABE:

1 .
k,=—3 : : (2-18).

k0], "k, [l
R, (RGRTAGIRE, B4 kmolm®; k, \ k, Pk, £ FIHERE

REMERANFEEBSRORE, BNR[0]. B—4FHM[Ful.
AR THE A BT R R et B2 B Hjertager A1 Magnussen 32 H B i i #2
SRR, NHRIRFEEUER! (eddy dissipation model) 1), JRFEHAERY R IRAK
PEA (Eddy break up) ZEGHY BUKIET BT IRBFER K EABHER:
WATERBREX 7 T ERASKEANRRSER, hERNEZXFHMHSER
THAELERE, RR[BAERRER THERBE DM ANERERE T Fik
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%&ME$JWMWﬁ$5%ﬁ%ﬂ%%%E%ﬁ%&m%mhWE%?G}
B AR A SR ke I, BB S H— b RNR, BER
REHE Ry, BIFER W

e . c, c,
R, = A(;)rmn{cﬁ‘,?,BaLS} (2-19)

ERF, A, B OVEREH, TGS, ISR AR
s ey, o, HRIBEL, BRI IMRIRAIE: S HILEFARIT O,
FRERBZ L, B LR EmE, THFARR

, n+ > M,
4 2
S= (2-20)
alMﬁa
n fl m S BRERESFH B ETFRANEETY, a REEESTSHN
VIR, a=0232, M, FIM, HHRFHRERNESHERRE.

2.6.3 HAEA
ARPLEB R BEAY) (NOx) ZKFB5 & NO, HER NO,. AILFE NOx
BRI PETER NO FEMR: RIPLEA NO FHAERNBEEEFUT
PIFIgR:
1) ®ifgR, BI7EDRX AR NO,
2) kg, BEKBRERKIBER NO.
ERMNEIAP TRRERR. BESREEHLERLIERMERLT, NO
M4 MY B Zeldovich HLEM, ZH BT BGEUTHARM:
O+N,«X5NO+N
N+0,«X5NO+N
BAJE Lavoie X380 T FH—A R L
N+OH«*X5>NO+N
BT, NO MASERFEY R AM 8 EYE (0. N, H. OH. 0,),
FEBLEMRBERN NOERER, BLEAFEIFNLERNIE. X
Bk, 7 FIRE &4, NO MTMZEUBESF (CHn + 05y CO2v H;00 Ny)
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R FH L FA R

HERLE,

EEARMNY, F—PRNERERN, HATHFES FHEMEFTR
EACRM AR, RERBAREZRN#ITRESBR: E=PRNTR2E, &
HTFENOBKKEHAELEL 0.9 £HF, OH MKRER/; BF NO R
FHIRFIE B ) LR pe i PR AE B (] B, BRI, FIRRTPEERES, BiRemaFK
K7 O. N. H. OH. O, HHEMIKE, X NOHERRKITES N —FE
R

N, +0, =2NO

NO WIS EH BT i FRABE:
% =2k [N,]0,] (221)
k= _\/A? . exp(— 5}) (2-22)

2.6.4 HEHA

WEZAEEIK A T Wave BB B B BEL H IR il I B AL L 72  Wave l ERUE I T
HRBEOEFLRE, ERERTHHBRERRSEMSENEKR, HOMH
W A EZ B E R B AR T 2 BUY B BB o X T E R X i
WAL, hE. RAHRRBELSTE, BIMERAST LR, R
BRRXEHAEHRNYE, E1E30. 5. BRERKNTATEER.
ERMEE SR, BTHRRENHADIRE, P=ERIRE B R .

XML R E F R AR, BT LR A R B B AR X 4y
AU /MR AT S AR ER . FEBALX U RS R, B SKE=KFETTE,
Y427 18] P9 ) 9 98 1R A R RS AT/ VR B . B/ DR AR LB A MR
WAM, FEEBNMEEEN, BMNRARESSHET LR R+ KR ABR
WEHR. X, WORHEE. MRS A0 R B R H SR o] LU KA — A
YT P B — BB B — UM T RER B RE  BTLA, KA WavetR B A8 58 47 S 6
REHHERGAALE. ETENHELET, BRERNNGEERNHLE
&, WavelEEE$C =061, C;=12.
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2.7 WEIT

BRI RRU B B ki ok (3R ALE 9. ALE 2R
IR BT NIRRT, B R R NEATRTAL, fh2
EQ (P, Q T, D EXEBTMHILE, RESNETRATEREES., %
R SRR SE, HERARS A AR, YNREEADN,
HR AR F R,

T AR e A R 22 ] 2 5 e AR X R E BT I LU e
SH, BTEANLRABRENS, REFRERABAZS. BATET,
BB A LR BRI —B. B SEORMRA B R
SH, BETRBER N AR E BTG . HE LA
HBLREGERE S R—RIVEHE Y (0=0, 1, 2, =) REBL. HEERE
R M ES K, 0 WERS. S MHESKOHES S A, B, C=
AMPB, FIRABCR AR 8 AR A R A, B MBEKRHE, B
RERIMIT, NHEHERTE. A BEHEH TR0 RUMET; B
P BB MRS R AZERMZIM B, C MBV RS A L, 8.
BE RS AR (EEENENERE) BREFHLE, At
857 R T O R 2,

28 KE/NG

FAT A CFD ¥4 AVL-FIRE #3LT CA6DE1-21 SEMbLa = 4 S EEHlF
&, F CATIA B SR =1 /LR, S FIRE F#TMERIS, 3#
WETHEENEE R AEGSE. HH#TTHTIENMERS, BETH
EERER FOA 44, ATFRASERRBRETERER.
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3 BAIR = ST U R e AT

EMHSEARSRESISEEEME RS SN BRMRELE, B,
ST AL AR A HER R A R KM W . BEE HEUE M R T BB R B ™4
FREBVBRBEZEREOE, BRI AR N THOBMES, BFERL
F—FhKA, dTFHBRBRENAEBEHURSTAR, BE2FBREERREE
FHERKER, BEEWERKEZARAFHENLTE, NEESERSREE
. B, ARABEEAFRLEHRTEREFENEREETEE.

AT HHE O BB EARRLEWR T REEASREIIFENER, &
XMEMFRAEHHERMREZHT TEUTEMNT ORISR ELE =
B), HHEITRERLBINEKAEZE (1600/min) 25775 TR,

AT 224 o Y B0 A 4 70 5 T A AR B 3% o S ol B 88 POV R B R BV TED
I8 ) TR R o 48 201 RO R B P R 2R N A R 1L B, B R TDC A E4E Bk A5,
THEGIRETEEM 245° CA 3 440° CA. WESHER A A LIEASRT 5° CA, B4
SRR 355° CA /390° CA; RAMKWES, WATHEME 4-1 Fim. &
R SHTEEM 330° CA ] 420° CA. ABRPBREZHFIRTFH: HO o B,
o [BEANED o ME,

3.1 MR T ARSI

REALTRIGERS. BES. KEHMNO £REFYEEN I HZLA
EREE AR, NERRIPIEZONRBERRR KIGERRT
REMEM. TEHEIHAREHEAT, RERPeE RkE EYE RN
i, HREMNHERRESTERIENER. BFHREFHRANRIMERR
LE7dhah A TR AN E AR AR /ME.

3. 1.1 &L A AR RS AT ,

B 3-1 RRAFMHEA THAEKHRENEESAE. TUES, &
E4 SRRV, MRANFRENFEZFE LITHEW, B35 28R
M—Btk, $HELMEESEEMEESM®DN, EMMERE. dTEERN
L7, BRRBEEAFEENBENIM, SR TREZASAENEE). BEE
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Fig.3-1 Comparison of characteristics of air movement in compression stroke
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Fig.3-3 Comparison of changes in turbulent kinetic energy in compression stroke
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Fig.3-5 Comparison of temperature changes before fire in combustion chamber
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Fig.3-6 Comparison of temperature changes after fire in combustion chamber
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Fig.3-7 Changes of mixture concentration distribution in spray process
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' Fig.3-8 Changes of mixture concentration distribution after spray
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Fig.3-9 Combustion process in @ combustion chamber of direct mouth-type
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(d) 40° CA
Fig.3-10 Combustion process in @ combustion chamber of necking I -type
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Fig.3-11 Combustion process in @ combustion chamber of necking II -type
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Fig.3-12 Changes of NO concentration in cylinder
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