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Abstract

With energy shortage, environment pollution, and increasingly stringent
emission regulations, the sustainable development of diesel confronts severe
challenges. In recently years, many countries pay more attention to the research of
clean alternative fuels and new combustion style. Ethanol, which was an oxygenated
renewable biofuel, is considered a more promising alternative fuel. Ethanol
Homogeneous Charge Compression Ignition (HCCI) engine has been extensively
studied because of its good combustion and emission characteristics. But currently
there are some problems to be solved, such as the difficulty of ignition control, the
narrow range of operating conditions, the highly hydrocarbon (HC) and carbon
monoxide (CO) emissions and some unregulated emissions like formaldehyde and
acetaldehyde.

Firstly this thesis summarizes the research status, existent problems and
numerical simulation of ethanol HCCI engines. According to the detailed chemical
kinetic mechanism of ethanol proposed by the U.S. Lawrence Livermore Laboratory,
this paper analyzes the main approach of ethanol oxidation, and the production and
consumption of important intermediate products. Based on the detailed chemical
kinetics mechanism, a simplified chemical reaction mechanism is presented by
sensitivity analysis and rate of production analysis. Thus a simplified model is
constructed, which consists of 33 species and 52 reactions. And then the comparative
studies were given between the simplified model and the detailed model. The
simulation results show that simplified model and detailed model have good
consistency. This simplified model can effectively simulate HCCI engine working
operations in a wide range of initial conditions. It also can predict the variational
courses of unregulated emissions such as formaldehyde and acetaldehyde, and the CO,
NO emission. Thus provides a feasible way for the simulation of the chemical
kinetics model coupled with the CFD multidimensional model.

In addition, this paper builds a three-dimensional model. With this reduced
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model coupling with the CFD software FLUENT, then it calculates the combustion
and emission characteristics of an ethanol HCCI engine. We analyze the combustion
process and formation mechanism of regulated and unregulated emissions. And
discuss the influence of different initial conditions on the combustion processes and
emissions, such as equivalence ratio and EGR rate. It provides a theoretical basis for
further extending the operation range of HCCI combustion and effectively improving

the combustion and emissions performance of ethanol HCCI engine.

Key words: Ethanol, HCCI, Simplified Model, Numerical Simulation.
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A RFHF— MR, REHFHXE “%7, KETEIRFRA TR AR
DERN, REERFHSHHFEEFERESTREEOUERHEE. &
BRI BRAEERER, EENRIMIASHRTREBT I ZNA, B
FLH R AR BRI B ARG E) R0 Shell AR A F 15/ T4 BAERL,

22 ZERFNHMNFEUEBREL

LBESSFHRER TR ERN, HAZSHENEMRSZEH
iR % HE Lawrence Livermore HZ LB EAMMEIE, A& 57 Fh4s5. 383
ANETCRN, HIESLRRIRGETE, AXRMT Y RM Zeldovich HLE, FIRTE
AR MAT EHESE Ar, BRABSUS AR ELE 64 A, 405 MET
R, ZESRTAIFENBRESAMET, HiFHPESE CFD ZEEAAB SRR
HHEEKRKK, HAERGERBTRARNILE, FEAESRERREE RN
WA P FRAER b, B RERRE RN EER T, &S8R
0T, B ZEEYRIERE SN SRR,

22.1 HRMSHMENEESHSE

BURME T T EEF SRS EA N, HERET & R4
BREWMEEE. 3 BERAERN, EEAIERESURE D I AR R
Bt L.
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RNE T RFH A FAR I

XIS HAS M RANRNARMUERSE, WEIHASHRNERTS
ATH-MEHT TR

dc,
— =F(c,..c.;k,..k
dt l(cl’ 'cs kl R) (2_1)

R I
¢l =6 i =12,...,8

R, WA HEER, KEARRER, RNERYL ARASH. TH
Q-DHBRAT L EHMRESH.

ELRFENAT, FEREEZTERHBRENOENE, RinEZERAK
B 7 ERATHRE ST, JREIR AR (2-1) BUwGSY, BHgUREREK—
AW TiE

0 ( oc, 0
9 (%% Fe,.cik,.k
6k,(6t) o Fileo-eiikyke)

r

S
Of 8 = 9F, +Z oF, %, 2-2)
orlak, ) \ok ) . Sl\ec, ) ok ),
< k= Cren-Ky 1#)

S
_a_E" .= ,@. + Z aF: En .
o " ok, P oc, ok

2 (2:2) F, WEHEHEK o RREMD P ¢, REAE, o, B, 5
e ¢ REAE. ZABRARENEN, FTLURNGE (2-1) BRLGE#HITHRERRE.
SMNTFAENRMEASL, —HRESRMMOBUREREVG, RTLUETEHRLE
T 52 R Z LB A (R AK

J 5% 2 43 #T1%: ROP(Rate of Production) & 3@ i 7 #7 &4 570 R Rt AN
SRR RN, ROV RMEITH S R, XRAEERERN SRR
HAEN, BETURESHEEBRIEREHNRN.,

222 FEESIBE

TEASNHEEEEFEENL, A0H EETEE BB IIRS
EEBEALY, KIERXLA S MRRREE EELW,



BB TR+ #4113

R2. H+0,=0+0OH
R21. HO,+HO,=H,0,+0;
R23. OH+OH (+M)=H,0:(+M)
R27. H,0,+OH=H;0+HO,
R34. CH;+HO»=CH30+OH
R35. CH3;+HO,=CH4+O>
R155. C;Hs;OH+HO»=
CH;3;CHOH +H,0,
R158. CH3CH20+M=
CH;HCO+H+M
R159. CH;CH,O+M=

-1 05 0 05 1 15 2 |
B ENRARBE RS CH;0+CH3+M

2-1 XHEE BRI RS E

B 2-1 R RHEE KBS R BT, B R AN EEH8URHA RN A R2.R21,
R23. R27. R34. R35. R155. R158. R159. MEIHEATLAE ) R2. R23. R34,
R155. R158 SHEBEMBUEEREONIE, MEEXIARMNREEMEM, 6
WEEHE I, XK IEEEE H0,. HO,. O, FH AT O OH
SEME, RETZEMOELERE, RhEsEmEld Bt EFERERNET
R R23, HKA R155 A1 R2; A&, R21. R27. R35. R159 i EHIE
R R B R, B X R R ) e R L P L PR, R X LA
RNKEE R OH. CHy Sk imte =y, £bT RVERIERE, MHT
ZEE AR .

RIE_E B SR, BATH BB E EHURHA RN L R YA
EYHE RN EEHS, FEBK CHsOH. CH;CHOH. CH;CH,O. CH3HCO.
CH,0. CH;O. CH;. CH4. HO,. H;0,. OH.

223 RIBFTEA K HEERTE

WBEHFEANE, REEHNEEAS KA RNERITE ROP EITH
BT, 75 R 2 R A% 4 4 iR A OB R BK . B SEM CoHsOH JT4h, 4t ROP
G, RS 5ZBEAHRNEEAS 5 RN,



ROGE TR 2200 3

223.1 ZESLHEERESW

ZEEATREEE R UMBARAPFREREFEN.
1) ZEHMERN: CH;0HEM) —~F=4)
2) ZEHERN: CHsOH+OH—7=¥); CHsOH+H—7=¥); C,HsOH+O—
P=H; CHsOH+CH;~7#); C,HsOH+HO,—~7=#)
ZLEBEEMRNIERESIRRN, EdRNESEXBEHER. £RN
R139 F, ZEc-cBISHEIRTEHEABEEENEK. XEEET T EAHE
B RN RAKI:
R139 CHsOH(+M)=CH;+CH,OH(+M) R70 CH,OH+0,=CH,0+HO,
R34 CH;+HO,=CH;0+OH R59 CH;0(+M)=CH,0+ (+M)
R2  H+O,=O+OH
B EiR S RNV AT AL, B %ECHsOHR M A B CH; (&) FICH,0H,
CH,OHFE i — P E AL CH,0 (FE) fIHO, (BHE), P/ HHZECH;. HO;
RMARBCH,0 (FEE) MOHE, RECH,04#HCH,OMH (HWiF), it
BERIO, KA BRI, 13 R N — DK . B B R EEH: CHs.
HO,. H. OH%, HCHsOHME R 5| & H AR & Fh S Sk, 8RN U#t—
B, AR B HFECH0H, FHEANBFZ Fia=Y, N
MRS R, E2-2R 2B S FEHER NI RN IEE.,

0003 0.0000

o 0002 .

2 oo R140 j—‘ & 00005

g g

E - e % 00010

§om | RI¥TE >~} ¥

) R143 / ' 4

i 0002 . '

E R144 . E 00015 |
0003 R145 —— ' 1
0004 L L L 00020 + — A

0 5 0 5 10 noS 0 3 0

B2-2 ZBEEE I FER N 0 R R
HiB 2-2 AT40, R14S B RN IEEANE BT RNAIRE G HE - &K,
MRS EY —EH A5 ESHAL EEIM, BT RI139. R149. R151 5b
HAeRNEHEHS S TEMUTR. ZBEAIETREESEANR®E. K
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KPR TR AR

ARNIE 2-1 Frm.
R2-1 LEEESS5NEERHERN

RRER 75 EaRMN

iR RN R139 | C,HsOH(+M)=CH3+CH,OH(+M)
C,H;O0H(+M)—7=4) R140 | CH50H (+M)=C,Hs+OH(+M)

[N aNA R143 | C,H;OH +OH=C,H,OH+ H,0

C,HsOH+OH—7=¥) R144 | C,HsOH +OH=CH;CHOH+ H,0
R145 | C,HsOH +OH=CH;3;CH,0+ H,0

Jid SR R149 | C,H;OH +0O= C,H,OH +OH
C,Hs;OH+O—7=4) R150 | C,HsOH +O= CH;CHOH + OH
R151 | C,HsOH +O= CH;CH,0 + OH
i 2 5 R153 | C;HsOH + CH;= CH;CHOH +CH,4

C,HsOH+ CHsy/ HO,—7#) | R155 | C,;H;OH +HO,= CH;CHOH +H,0,
ZEBERNFEART CH;CH,0. CH;CHOH %7=4), ™ CH;CH0.
CH;CHOH X#—# K 4AHMRN, CH;CH,O0 EE#ET R158. R159 4K
CH;HCO. CH,O ([ 2-3), CH;CHOH i#if R165. CH;CHOH+O,=CH;HCO+HO;

464 CH;HCO ([ 2-4).

0.000 - 0.003
2 -0.001 % oo |
= -3
S.0002 | 5 0.000
=z 30001
54).003 - £-0002 |
& 0004 | 0003
] jg -0.008
® 0005 | £ .0005 |
i 0006 |

_0-m6 1 1 i L L L 1 -o‘m7 . . . N X . L

108 6 4 2 0 2 4 10 8 6 4 2 0 2 4
Hhihssf/°CA gishE A/ °CA
2-3 CH;CH,0 R 2 % & 2-4 CH;CHOH R ML %

2232 EEE YRS

TEZBEET P ERT EZEENFEZY, FEH: CH;HCO. CH0.
CH4. CO. CO,. H,0;2 H;0. HO,. OH %, HriXieFE A EF=YHIHFER
REMTEFHT R ZENELTRE.



JRBGE TAFE AR 3T

& 2-5 HEEPEY CH0 ERSHHENRAHEE, R CH0 EEH:
R59 CH;0(+M)=CH,O+ (+M) R71 CH,0H+ 0=CH,0+ HO,
R159 CH;CH,0+M=CH,0+CH;+*M  R238 CH,CHO+0,=CH,0+CO+H
i AR, Bt R R125.CH,0+OH=HCO+H,0 1 R126.CH,0+H=HCO+H,

#—iHRe, AR HCO.

0.015 0.009
o 0010 o 0006 |
2 0005 | 2
Mé 0.000 g 0003 |
=.0005 | 2 0000
g 0010 | E
%0015 | w00 T
000 } M 0006 |
2 oms | E
0030 } -0.009
0035 . ! ‘ . . 0012 1 . ; ‘ .
3 4 2 0 2 4 6 4 2 0 2 4
BHBlFE M/ °CA BRI A/CA
& 2-5 CH,0 R Mg H & 2-6 CH;HCO R Mg %

B|EM 57— CH;HCO ZER L BB BE/R s, HEZEEL RN
R158.CH;CH,0+M=CH;HCO+H+M # R165.CH;CHOH+0,=CH;CHO+HO, 4 i
SR J5 1 R175.CH;HCO+0OH=CH,HCO+H,0 1 R176.CH;HCO+OH=CH3;+HCOOH
B E AR N AE R CH,HCO A1 HCOOH, #— e, A BMEFER R NV
2 LA 2-6,

S
2

g

R129. HCO+0,=CO+HO;
R130. HCO+M=H+CO+M
R238. CH;HCO+O,=

P
8

B REE/ mol e/ ot -sec
s 2
2 B

CH,0+CO+OH
R252. CH;CO(+M)=
CH3+CO(+M) 0
BhsbsE M/ °CA
&l 2-7 CO AR %R

CO fEHNEEM PR —FEHTHRNEBE (FELH HCO #H—8
S4B IR, B 2-7 HHARER. RfF CO Bilid X ¥ R135.CO+OH=CO,+H
1 R136.CO+O+M=CO,+M # — B A E BT CO,.
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T CHy AR EEHRM: R153.C;HsOH+CH;=CH;CHOH+ CH,4fl X i
R35.CH3;+HO,=CH4+0;. H & HO, FEi@id KN R10.H+HO,=OH+OH ! R34
CH;+HO,=CH;O+OH ¥ b ATt B iR Bk R NS, 1 BBVERM H0, 8
it R23.H,0o(+M)=OH+OH(+M)¥ AL A iEME R . H. OH FHARI &L L
Tritig, FERAERR.

il ZBEAHEER R X EREETR=WH ST, RITTLUASH
ZEEAR R B AR EE A 2-8 s,

M M
C,H; «— C,H,OH — CH,0OH+CH;

CH; l OH/O
CH;CH,0 CH20+CH3
CH;CHOH

HCO+C2H3 —— C2H4 C2H4OH CH;HCO

\\ TN

CH,HCO — HCOOH+CH; CH;CO

/ OH j
OH 0, OH
CH,O0 ——» HCO —» CO —» CO;

HO,
Bl 2-8 ZEEARMESETER
£ LR RNASE—&, RERT—MEE 28 HANH 46 TEHTR
N Z B RN R AR, R 2-2 Fis, ERT

-E
k=AT® — 2-3
exp(RT) (2-3)

AP, K ARMERES: A BEHEF: TAHARMEE: b REHEH: E
AR RASERE.
£2-2 ZEEAIHFEER
WS RN A b E
1 0+OH=0,+H 2.02E+14 | -0.4 0.0
2 H+O0,(+M)=HO,(+M) 452E+13 | 0.0 0.0
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w3

3 OH+HO0,=H,0+0; 2.13E+28 | -4.827 | 3500.0
4 OH+HO,=H,0+0, 9.10E+14| 0.0 | 10964.0
5 OH+OH =0+H,0 3.57E+04 | 24 | -2112.0
6 HO,+HO,=H,0,+0, 420E+14| 0.0 | 11982.0
7 HO,+HO,=H,0,+0, 1.30E+11| 0.0 | -1629.0
8 OH+OH (+M)=H,0,(+M) 1.24E+14 | 037 | 0.0

9 H,0,+H=OH+H,0 3.07E+13| 00 | 4217.0
10 H,0,+OH=H,0+HO, 2.40E+00 | 4.042 | -2162.0
11 CH,4+OH=CH;+H,0 419E+06 | 2.0 | 2547.0
12 CH3+HO,=CH;0+OH 7.00E+12 | 0.0 0.0
13 CH3+HO,=CH4+0, 3.00E+12| 0.0 0.0
14 CH,O+H(+M)=CH;O(+M) 5.40E+11 | 0.454 | 2600.0
15 CH,OH+ 0,=CH,0+ HO, 1.57E+15| -1.0 0.0
16 CH,OH+ 0;=CH,0+ HO, 723E+13| 0.0 | 3577.0
17 HCOOH+OH=CO,+H,0+H 2.62E+6 | 2.056 | 916.0
18 HCOOH+HO,=CO+H,0,+OH | 2.40E+19| -2.2 | 14030.0
19 HCOOH+0=CO+OH+OH 1.77E+18 | -1.9 | 2975.0
20 CH,0+OH=HCO+H,0 3.43E+09 | 1.18 | -447.0
21 HCO+0,=CO+HO; 758E+12| 0.0 | 410.0
22 CO+OH=CO,+H 9.42E+03 | 225 | -2351.0
23 CO+O+M=CO+M 6.17E+14 | 0.0 | 3000.0
24 C,Hs;0H(+M)=CHs+CH,OH(+M) | 5.94E+23 | -1.68 | 91163.0
25 C,H;0H (+M)=C,Hs+OH(+M) | 1.25B+23 | -1.54 | 96005.0
26 C,H;0H+OH=C,H,0H+H,0 1.74E+11 | 027 | 600.0
27 C,HsOH+OH=CH;CHOH+H,0 | 4.64E+11| 0.15 0.0
28 C,H;OH+OH=CH;CH,0+H,0 | 7.46E+11 | 030 | 1634.0
29 C,H;0H+H=CH;CHOH+H, 2.58E+07 | 1.65 | 2827.0
30 C;HsOH+0=C,H,OH+OH 9.41E+07 | 1.70 | 5459.0
31 C,H;OH+0=CH;CHOH+OH 1.88E+07 | 1.85 | 1824.0
32 C,H;OH+0=CH;CH,0+OH 1.58E+07 | 2.00 | 4448.0

21




R T A543

33 C,Hs;OH+CH;=CH3;CHOH+CH,4 7.28E+02 | 2.99 7948.0
34 C,Hs0H+HO,=CH;CHOH+H,0, [8.20E+03 | 2.55 [ 10750.0
35 C,HsOH+HO,=C,H;OH+H,0, 1.23E+04 | 2.55 | 15750.0
36 CH;CH,0+M=CH;HCO+H+M 1.16E+35 | -5.89 | 25274.0
37 CH;CH,0+M=CH;3+CH,0+M 1.35E+38 | -6.96 | 23800.0
38 CH;CH,0+0,=CH;HCO+HO, 4.00E+10| 0.0 1100.0
39 CH;CHOH+0,=CH;HCO+HO;, 4.82E+14| 0.0 5017.0
40 CH3;CHOH+0,=CH;HCO+HO, 843E+15| -1.2 0.0
41 CH;HCO+0OH=CH,HCO+H,0 1.72E+05 | 2.4 815.0
42 CH;HCO+OH=CH;3;+HCOOH 3.00E+15 | -1.076 0.0
43 C,H4OH+0O,=HOC,H,0, 1.00E+12} 0.0 -1100.0
44 HOC,H40,=CH,0+CH,0+OH 6.00E+10| 0.0 24500.0
45 CH,HCO+0,=CH,0+CO+OH 3.00E+10| 0.0 0.0
46 CH;3;CO(+M)=CH;3+CO(+M) 3.00E+12| 0.0 16722.0

224 RELENIER

BAEMEY NO, 155 NO fI NO,, (HEEER NO, HFZEREFERS SMFM
BEFHN,, S8 (BRIEERFEE AREX. HT NOFTERESBAE,
— R R NO AN, NO AR EERNMREP: 1) ARk
7, HESFHAE 1800K U LM EBAETEMT=EM NO, FKAHK
NO(Thermal NO)&k Zeldovich-NO; (2) Wi k&2, HZSFTHE S EREEFH
BEASPOER NN, B ABER NO(Prompt NO)EK Fenimore-NO; (3) N, O 12
7 (4 BEEZRR.

SHRRPLTE, NO FAEREERO)MQFEMRRE, FQMERELSK NO
HH SRR KR, BNEKRESR, FEERIHNO HES, —BHIATFH
B TH)MR RN A MBI EFTETE RS MRABRAREN, &N
YL R RS IR AR T R 2 M BT IR & T, 3 NO AERUIR MK K
AT 72 Zeldovich HLEE:

N+O=NO+N N+0,=NO+O N+OH=NO+H
¥ 75 Zeldovich FLEE MR BUR LR &, HEERENR, AEERE5AK
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HRLEERAER, BHTHEHEELH, MALE T IILHEREH LR,
BAERA B — A5G I NO R, AR HATHBOHE R E KRR,

HCCI BRI RSP, MPBERIE, BREEBRHF 190K £4, A4
FEY B, BREEERR, BREABRE. AT RESENES, ¥R
Zeldovich HLEEARER 7 LTI NO BIHE. A TR EER T HCCI #E 7 K
NO 4B, P.Mehresh V% A\ BB E L T HCCI KBIHLAT NO HEEL, 4tk
IR N,O WA KA M KB IURHR, X NO MERFRRNEW, HE
EREETRT, N,O £ NOBILT Zeldovich HlE. H4b, EXEWIFEEF
AT 5T th R A HCCL BEIR BRI &4 T, NO AR FERIET N0 #
[BIF=H) 842

Hit, &7 HCCI 3P NO Hil, 7ER 2-2 % RN KA b
AT NO FitbHERIE 6 DR NHLE, WK 2-3. K22 5% 2-3 P RMHRA
BT —/MTE 33 FAS R 52 M ETT RN ZEERALE) AR,

® 2-3 NO fRi{LIEA!

kel R A b E
47 Ny+O=N+NO 3.50E+13 | 0.00 | 330.0
48 N+0,=NO+0O 2.65E+12 | 0.00 | 6400.0
49 N+OH=NO+H 7.33E+13 | 0.00 | 1120.0
50 N,0+0=2NO 2.90E+13 | 0.00 | 23150.0
51 N,O(+M)=N,+O(+M) | 1.30E+11 | 0.00 | 59620.0
52 N,O+H=NH+NO 4.16E+14 | -450 0.0

2.3 RLERRYIEIE

A T R AL R R B R T A HE R YE, BRI DA L AR AR G IR B A
PLERAE R HitbrnE, KFXE Sandia ERELREIF KRB KB SHELE RN H
2 E %4 CHEMKING.0, ¥ Z8 HCCI MR ER M E 4R 5FAk
2NN EERIBT TS, SHERRE, KUK RAERBETM
ZEERBIN HCCl BB AN, AR X HAE. ZBEA NO B4 AT FEBEAT
BT .
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23.1 MBSEMEE

BUEVHH K AEE Sandia EF LR EMREAREF RO —NMKESHL
SIS SN E R CHEMKING.O. &2 — /M FRBRE ¥
RINENH2MBRARRERSE, EAT. MR, 30, KE. EpSSENA
[¥2. AN, EERAL T BAE HCCL RBIHLTHEEE, AT A X ERALEA
RN B,

| 5 1 1 Engine (i sngine_1.Clustert) o B
Fenactur Physcal Proporty | peties speciic Propary.

b

B 2-9 BAYHESHRE
AU Z B ZS195 FEM KA B ASEmPL R &, LIRSS
SRUENVIEMASE, KPR 175, EKESHMMERZ A 3.652 GE
FHEBE 210mm, ##RER2 57.5mm), KFHHLEE 10000/min, vEM Bk AR
137° CA FFth, WEESKEIE 05° CA, VIHHBEMEHSHE A 413K A
0.IMPa, A% 4R ©=0.2632, NEEMEFREEMIER. FHHHTARSIPIK
Ry s H i 2-9 Fir.

2.3.2 GRS S MER R AT

7E £=17.5,0 =0.2632, P, = 0.1MPa, T, =413K,n=10007/min T3 F, fEjft
BRGNS BN UL R EE R TR B S AR R RS
B, WE 2-10. ME 2-10a). B 2-10b) HELAEH, ELEEETHEH
OGP JE D AR i 4 5 R R BT M 4 R — B, TR KN 20 5 VAR
R th v & HIBLEF -
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RNBETREFLEMRI

B 2-10c) bR S gIERTHE A Z BB R M B, BRERLTE
BB ZEERYRMEEFGHEEETAHEERTE B, FHENZ
S A MERNZI+omE, RERGER T EE K 2R MR A 7
B, FEREAFHEFEET —BMERE AR RN, €8 HO. H0,
RERME AN OH Hl%E, SIRE KM ZIRA.

& 2-10d). 2-10¢) RHELA CO. HEEMZBERSH LML, BENBEL
BEM RN TR EERN T EEY, FAMNERRE. ERENENBRITE
KEER, REZHEREINRAE, BERREST, BEE—-IHE, EMN
BB EEALTTNAE, WEHET . WE 2-10e)F AT LUE H, BAERMEHE
RIS TR I BE R B R N TT B A R 2 B 2 B A s & AR 2 B A st
A—5, REMCERTEHOERSEEES THEAEMENTEER, X2H
FRAER G 2T INEEPFBNZENE RN, TIUENT NS PE
MZBERBEFENRMN.

& 2-100) X NO BE/RABAibi4. haimitieMENRET M, EitE
TRTF, FARERERE BT 1800K, Filh NO AERKERD, % HCCI
BERERBRUEMSET, NO MAERFERET N0 FRIFZYRE. MEEL
PEARE R A R NO R 1, {BE RS EAR E—F

h ERET R, BR—EMHOERSEEEEL, AHEETFEL—D
M, EERAERIEAERAIINTESE R EBEA—, HkT
LAY AP UE B A ST 3R I TR R R A B

233 FREIVEBESHEEHERNZ N
23.3.1 FEVIAREX R {LIEE AN

HCCI RFHLIE KRB F B RN A%, wHEEEER
&, FieA S RERRN, X 2B HCCI MREEE K. M TFRER, %
TEBYPABREN AR HEREEE, BIERLVEREE R B 4]
PATR R S B A B e R 0, AR E N S AN EEARYIGER
ST AT TR . TE#SES Pr=0.1MPa M4 EMRFH © =0.2632 FEM %K
BT (CRIWEHE n=1000r/min  E4EtL e =17.5 REFEARE), B 2-11 AEARR
R SEE T (5 BIE 393K, 413K, 433K, 453K) F, FBEETTEREX
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RNBETKFR AR

R%I. SR E DS ERREEES AR T SRR AE.

10 3000 : 10
—n— HRIIE CREEE)
—e— HENE —— ML RIS )
5t ---o-- AR 2700 | ---m--- EEEHLER C FEMBMED ] 0
P \ e MUAB CENEE) | &
2ol i 2400 | g =
& Wonaa,, L TP g
£51 B4 7100 Rl R A -
2 d -~ X%}
10 | o | e 6
15 : ' : 150 5
380 400 420 440 460 30 40 40 40 480
S K WERE/K
a) & KK b) L PR R 1 5 T i

B 2-11 RIFIVISHIEFE R (AT AR 2 5 PR A AR A (0 L 47

B 2-11a) tH P AP HLAL T3 tH 3 K ZIRI EL B, BT LB, BEEA]
MR E, BXNZEH, XFEREIBENOTEMETEMLE, #
BT RMEE, UM ESRS AR HEARER—H. B 2-11b)
9 oH PR R T St ST P L MR (E A R O W X B, MBI RTLE , B8
EVHBBERIA R, ELARE DRSS, TELA R E 218 KE,
XEBERREY, MENGEREOAR, EREFBIEHIMYEUARN, EA
SEHBREWD, HECERSRARAHTHEERBLBEYE. L, it
SEEHATAY, LI HCCIRPERINARREL .

2.3.3.2 RRNEE 3R ER AT I

KT EEWGE A AR RS R, RiERERERRYIS
EATHENERES MBS EERN 8, HEAENE5RARREYS
EEE Ti=413K. ¥ BRTH & =0.2632 NEREGT, IHEARIYILEES P (X
0.IMPa. 0.12MPa. 0.14MPa. 0.16MPa) THIBRURIEAE T T X,

B 2-12 BRI E S o R R SRR E R KRR A LS
e (AR IS MG AR L I . NIRRT LAE B, BEEESIE MM, &K%
RAT, WAERRERERN, EHEEERKEENAS, XEERFAME
EVIHIE MK, FETREASSNFEEYA, N UEELK B hE
HMAT 8RR LR, mETEARNMHT, £185 KR, FEH

27



R T RFRLFAR T

FHRAENEVNHENOAE, EEEIRPSEMEBEAEELME, i
BT 8L R BRI ZURRRE, 05 T IRGEFEERifl, (ERIA R (a8 hn.
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a) HAKRZ] b) FLAE M S E EE

B 2-12 S FRYIGAE 7 i R AR AL 5 F AR R o e e vt
2.3.3.3 TR 8 bLxdfE AR B RS20

HCCI #mes, oTUAREIREERE, ®> NOx M, TTRBESTH
BREHIRE B EWEREER. ATERRT LB UXEARRTES RN
P, BIFERAFRMRZLEETHRABEETEER, MASFARRETES
RAF M, BEHUERSFARAEARARZELEEL (N D=0.2632.
©=022. ©=0.17) FHIERREBRBIT TS, BT EENVIHEERE
Tw=413K, ¥IHRIES Piy=0.1MPa, RFIHLEE n=1000r/min . E4ithe=17.5{R
FA%.

B 2-13 BEARAMRE LB, SR 5EMERITEE KRNZ. A
BEEENEHEE. NEFTUEY, BEERTLEHMEA, BEIKER
K, IEEMRNKEHT. NEFETLUEH, A REEENEEER-R
FUBHEMYERS, XIERHTHVMHREENEN—EN, BEERE
LEIKEMN, BERKREEK, BEURMAAZEM, AEZEMMR,
{3 TR R RIHEAT, (6B EL A KR AR S e % m. ME ] LI
BEWH, MBRAKTHEERS AR RS REL—E
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B 2-13 RRRZ L 2 R R 5T AR AR it E
B2, BXXENHESE, WNALRHNZERULERNSHFERS
VBERATII G, GREY, EARMGBSHENT, RN L8 HCCI
Bt R R R = TN SV Y& BT . B, RGBT
MR 5 L AERHES, ST HCCI RIFIHIRPERHR Rt TR
HREITH

24 KENG

BN T R EAE) N R MR A Tk, X CBE HCCL % R N g 12 i
TTHH, BRERTHET CHEMKIN BFHELK 2R RNHLE, Bt
M T 7B HCCI M5 R b3 1248, Hep B a8 33 Fd s,
S2ANETTRN. FEHERE, % ZE HCCI M BB Mt EsREH#
WM EFN N FERE I EEREIT T, BRT ARVSESEN LR
MW, FTEAFENUTRAEKNTAE:

() EZBENRERNER NS ENEM TR EM L, SEELER
BREMSTRREEEA S, REEHXEEH LKA RNERS YL ROP #
T, BEHBIZELE RN IZE IR, fkE T L8 HCCI 4%
FIELER, FHRER SEMBERT THE, AEERESW, &
W S5 MRRY) S S BET.

() R T ARV S E 3 Z 8 HCCIRBFE R M, 53T T
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ARAVIEERE. AEVEES. PRARKRZUELT, MUEREEARE
Z. B HCC1 1% K 2. L L FE Ve (R R H I (H S Wl . S5 RERH, &
ERAREHT, BAERSTEHERN 28 HCCIRFER TG RAHR, B
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REBTRKFB AR

¥£3F% CFD ﬁm;‘ﬁih'—ﬁm%#ﬁwﬂiﬁ

WE R A N % CFD) B ENEET ERNERER, NEEHAR
R SEHXDEAZ N REFBIISH. CFD #BIRSIFLRH LR
EFHEHREAR. A CFD BiLRBR AR AMREIVERE. Bt
BAEREENARIBEERT EREFE REFEE T ¥k PHOENICS. R
HF AVL BFFIFTH FIRE. ¥ Adapco /A 7 #J STAR-CD. %E FLUENT A
ffy FLUENT A& %E Los Alamos EXLREF KM KIVA BESHRHY,
FLUENT BB IheeLm. EAME. FAZ%RM, CFD BE{¥ERNEIT
SHUEAT LRI E R R R SRR PRE 2

3.1 FLUENT 5445

FLUENT # /2% H FLUENT 2 83 H KB B REs) 284, 2R
FHRLAH 8 MR AR 3 LA R Hu i B CFD # 4. FLUENT RERS1R 4L
EBRAGRA. BREHA. H5h. WERMN. SHERSSHTHEE®,
FLUENT H#%{@EEH: GAMBIT. FLUENT. prePDF. TGrid. Translators
AR

FIF FLUENT 83T KBRS BRI F -

(1) BEJLATR, ERIFE M (A GAMBIT, HATLUEAR ARG ERF
AR TP

(2) %#FKAME#B@2D. 3D, 2DDP. 3DDP);

(3) FAFREMIE;

(4) HERMBAFE: BRIER, WEAFTBNERN, EHIERE,

(5) B TARRIREAIE

(6) HaEin FAR KA 5%+

(7) %MHiEEHSH

(8) Him¥IEEiL:

9) KkE+HE;

(10) RELER, HITRLES.
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FIA FLUENT ST AL R M B A R E 3-1 B,

YIRCFIZN
. GaMBIT i | B, m
®’EILAR < CAD, CAE %
HER% 2D & 3D Pf%
b
WHRIDMWE | & #*
A 4 ﬂ ﬂl
FLUENT K g
R A RS "
prePDF ) %
PDF &R DB .
_ AFEF TGrid
RAEDHTE 2D =AM
e . 3D UE R
PDF B GRERE R% 2D #13D WA Mg

B 3-1 EABFEHREE

3.2 ik hFERTTIE

3.2.1 EXIZHAIE

KPR AT R (LEREMGRZIEE) +o8% ARRAEAT
BH, EENHEERAOEATEER: RETEER. FIETHEEE.
BBETIEER, NTFEASMNERN, EFELEANFETRE. XEHER
SR B AR pe ot R HEAT BT S AR R L & 540,

(1) REFHELRE

AEfTRE) A AL R R P iE e . BRI R A ROT AR R R
gsm, EFFE—eRREEARAZRTAR SRR, ERX—E®, REYT

(EWTEVSE

ap , 3(pu)  9(pv) , 3(pe) _,

ot Ox Oy

3

0z
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R T KFBEAI X

SIARRIFS div(a) = 2 +9“_y+£’;7z, RG-1)EH

%
9P, div(pu) = ;
o +div(pu)=0 (3-2)

XA, pRAKKEE, t BEE, v REEFERE,
() FHETEHE

MR RAF LKL ETFEEHR. 0. HoTEPRERz)E X E
MRS TS RERE MG LSO, HRX—e#E, x. yfz
=AF R B FEAER:

o(pu) or, or

p ——— +div(puu)=— Z+ 6:+ a;”+ a;‘+F (3-3a)
P P P

A | i ooy =2 497 9% T o (3-3b)
o y &

a(gtw )+d1v(paJu)— ZZPJ’aaT; + 6;- +6;z +F. (3-3¢)

RF, p RMGHUTHE EMES;: «, . 7, r  FRES FHEERTSERE
R ARE EREN S K08 F. F,MF,2EouiE Laks.
KE-3) R EM BB RAERLMF B TEL R N THEmEE, bk
N SRARERERIERS, 7:
T, = 2y%+ldiv(u)

ov .
T, = Zﬂ-éy—+/1dzv(u)

0, =1, = y(a+a) G4
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ou Ow
T, =T =H g"'g

Rf, pRHNEE, ARETHE, —BTRA=-2/3. HRG-HHAE-3),
&

(%) \ div( puny = div(u grad w)-L+, (3-5a)
ot ox
0
M+ div(pvu) = div(u grad v)——aﬂ+ S, (3-5b)
ot Oy
0
(gtw)+div(pwu) =div(u grad a))——gg-+ S, (3-5¢)
z

A, grad)=00/x+80/y+00/%, FSS,. S, S, RENBEFHFTRER X
P

RG-SR B TFIEHFE, FHKR3)EH 2 (momentum equations), tHIR{EEZZF)
518, ITHFKA Navier-Stokes F 2.
(3) BEETEHRE

RETECEROSEATRNANRELAHEMELER. ZEERR
RA: HOTET R B RBMES T HAMTAR SRR E N LA h 58 513
TP T, BIX—ERE, RETEIEN:

a(g ).+ div(ouT) = dw(" gdeJ+s, (3-6)

ERAE R
6(pT) a(puT) 6(va) d(poT) 0 kor. o kor, o kaoT

or o Py % e a oy e a T

(3-7
R, o, RIWHA; THEE; kARAEERRY: S, WEREIT.
4) Ay RETEHE
F—ANFESHUELASNBEEREN S, §— WAL HETHSRE
TEER. ZERTRRN: RENEMLEASREXNNBMENE, FT
B RERE ST R ESBEERNFERZASEFTREZM, HRIE

34



B LA F AR

X h:
g;(pm,)+div(mn,)=div(r, grad m)+R, (-8)

A, m AN ICFREN: T AAS IRRERE: R AN IHNE RN
) FEHEMEREA )
AT ETHEFEAETH, FHR—EFEN&TEIRET KR,

@& EAFEFENEAE.
MER ¢ FRHETE, WEREFEFEHTURTEUTERREL:
%(p¢)+div(pu¢)=div(r, grad §)+38, (3-9)

Kb, B—HARRBET, F_BREXIREB, F=MARY B FWUHA
RIRR

ERFREFESE. HRTEGE. &TEGE. 40TESR, mE
SEREVHRETEERT —MHAKRGEE, REHRTEENGZN
LT, MR T BF LR E.

3.2.2 iminiRE

BE—MRMERST FHRAN N EREHN. —RERRLTENA b &,
ERERSPRABENYERS. AENLHRER. BEMEXR. HEIRE
H BT PR TR S R AR R . BRI LR LR KRR
KT REOER! (T AR, BARER. XOTEERNE RERED,
FHIENNER(RSM). KIRERI(LES) LA K i it i) B B BUERIU(DNS). X LR
M & LERGEAMRER S, AXFIE T MA T YL A R 3 HE R
P R MR k—¢ BRI RNGE-¢ HHEL.

(1) k-t

k-s MRIREANEAETR ENARSTZ. HELRBEZHHRAKE. 5
HEM k- BERY REEST ZERAT R4 AR A TS ) iR i, ZER T HRILELA
WA BALEBIE, BERMk-cEEMNL B e HREIHA:

0 X Ou .
opox) Opup) 2 0w dw, 0 fug Ok)
ot Ox, 37 0Ox; Ox; 0Ox,| Pr, Ox,

J J
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o\ pu,e 0
. o )=—(£Ce1 G )P ST LC A L PR LN
Ot Ox 3 ox, Ox;\Pr,ox | ¢ Y ox,

]
(3-11)

BREk-sWREHNAR, EELRER, FAREXSHHHENRMA
7, HEHBINERBERIK. k- WAL NRILEL A R 30+ KEIVIR B
7= A 5 B B R R 1) St O DA R B RN S A EE AN D 1)

(2) RNGk-¢ #R

EBE (Renormalization Group, RNG) R—FH FHR L YERZE
REER T, AiREE LR SR TR E. EHELAEREELES
BRE EH—RIEENTR, HEATFERMAGRIE LA RN
& “HRIIL” (coarse grained)HIHEIR, AT AE o) SR /83 AL T 5 T &>,

AL KRR R RAEARUE k- A HBIEEH RNG k- Tt
R, HTFHRIELA TRAERIMERZL, K RNGE -6 BRNHAEE
FHHBIEE, ANATRRL. BIEEK RNGk-c BRI GirHE k- e ERIEEA
R, RRZ AT TRE ¢ HREF M T —I0 LA (8P hr B R R 48
PRI, & HREECH I T RRE,

d o pu.c 0 Ou.
('Dg)+ (p ] )=— ECH‘CE CﬂC,,k “; pg__uL.,._q_ Uy Ot
ot Ox; 3 3 € Ox; Ox; Ox;|Pr, Ox;

k Ou;
((C -C ) ax,. ngps)
(3-12)

£
-1+2C, -3m (n—1)+(_1)" \/ECﬂC'lr] 5o {1 V-u<0

ithv C‘,= R
3 0 Vu>0

1

1-n/ Ou,
_ndonin) ok gas o (25,5,)7 ) s, oo 2 2.
1+ Bn’ € 2\ ox, 0x

m M n RS5HARDEIEERAOES, m=05, nBREEHEL CIHH
FHIERET KA A FRH M. RNGL-e B PEHEHBEDT:

C,=0.0845, C, =144, C,,=1.68, Pr, =P, =0.719, 7, =438, £=0.012.
ATETHE, THEHBRAH TRk - s SR EHENE:

C,=009, C,=144, C,=192, Pr,=1.0, Pr,=0.769 . AJLF&E LK

36



BB T RER M8

FEERE AR
(3) MR BE AL TT
MR EERERGE, BEXANYEENEE. BEMKESSHNS
BREERERDNOEN. IHBUFERMERENGE, HHKksHE R
AN, TRFRHBAM R, M5REEREMRMRIRL. WRERXM R
iRk v X AR 18 A FLUENT BRARIBETE R 5k, K R5IRIRAIIRE.
X T R POERE I, [R5 RR AN 7 E K XHL A HC A CO HER M
BRAEM, RITKAS —FEgLEhE—HRR Rk, R —Fias
EEER G, RAXFE, WEEREEEIE, NTEREZHAEIERNX
St 6 R P RS RI Ay R R AR . SR XS BRI X &I 2 R B AP, RKAFHSTEIRR
AEER, SHELARSERITEENAK. Fit, 7R —E EHLE S
EHE, SR T R LA B DY A% SR P 84 B T R 2

3.3 JRIRIRE

R AR, EHERTRE TSR MAEE B FLUENT 3S43 AR
k—HEHREEMMA. 4K, FLUENT BAMLERMNERAE TR T
St % P 2Rt PR RO, FLUENT @it RESMHA XY AT ¥/
RNERFIESEREMRES. REUREHRANREMNERN, KRR
Ve R PETR S BLAE Y ks 772, FLUENT 24t T 4 -8R, 1) BRE
PR 3% ZE 48 &Y(Laminar Finite-Rate); (2) #RFEMBEA! (Eddy-Dissipation); (3) AR
B /iR BUE R (Finite-Rate/Eddy-Dissipation) ; (4) ¥R SHEA(EDC). X
A MERAEAFRKERATEE, THHENHET:

245 PR % F 4 A (Laminar Finite-Rate){f i Arrhenius AR iHH W HI,
RIS RRKEIE W, EEXN TR AIET Arhenius (L¥3) HERBEIFELERA
. WBFESURE (Eddy-Dissipation) % Eimii-th ¥ RAHEAER, HALZERMN
HEEHKRBANBRE /e %%, W Spalding §7#%ABKFEE(EBU)—H#¥.
HEBRBRL/e>0, REITHT, BEEATERRKE, BERAE
t, REY— BN E R SR ITERE. AT EX—/M, FLUENT #47T
1 PR & 2/ $E B Y (Finite-Rate/Eddy-Dissipation) , X RN EBAREIM. R
& FLUENT £oif KA A FRIE R /iR FERUE R RIRFE AU R M 2 5 I ML EE (R
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EDCE TR 2 A0 3

¥>2), EAEAFERERNER. BT ZERARTRLES N FEZH Y
B, FIE% RN T HEPUES N FEYIE, Magnussen FEMEA EIR
T—HE RN ATRERY SRR —R RS REEDC) .

WRFERURE S L (EDC) RS T 22 A2 eht Y0135 AT O B P R AV FE R T R E
G R R R EET ), WRRRRHE R ME R RRA
FLRRRN:

Ra= -ﬁfimin {F,u,& CY”'} (3-13)

S 1+8

R, B. CHABRER, Yau. Yu- Y 23B00E . EHFFBRE=HH
FHREN, SERENFLETERE, min RRBESA=ZHPRNE.
EREBE LRRER N R AR AT RS L, B Kolmogorov REK]
WAL, —HREHERNASY (BSHZMPEME) KL ERBREXT
Kolmogorov B8R, MERMNLSEE. WAREHTGER, EETHT
WATUR. WAV BIRERERER, REXNRENLLAE,

B F A S ERERIE SHL HCCI #%2 & HC. CO. NO K%k, EEFNFE
W2 R REBh R A sl A, B EER EDC BEE R 31T KR .

3.4 BM& 1R

Rt AL EZAREESNE, 7€ FLUENT BERRS, ARBERTHE
RIRILATRBRAZN, BARXFHRRELMER LB R
BRELFEE. R, 5FHLIRERENEENEREINAEXERL,
B B E A ST R SRR, AT BRI S, FLUENT A4+ RHE
TR, FRAR TS X SR B e (] 3240 B U 30 1) L

FERRYM TESRS, BEFENERES, SEHTEFRIEEL,
B SRBATA R BERE I BRI T P . BBRBIMEEE, HAER
B VIR, REFAHEHXIBRNEZME. BT LR E K
B e XK AEERNLERE), B BT RERAREMNERRS
¥ok AW EREEIE GnE AT ABILISERZ) RS .
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3.4.1 HNBFELE
ST REHEEEREY, BRKE N FEFRORSEAWT:
%Lp¢dean¢(u—ug)-dA= LVFA¢-dA+ Ls,dV (3-14)
KA, p HFAEHFE; u ATREKREE; u ASIPREEEHERE; T AT HER
¥ S, NBEM; oV RIERIEY FiAR . FRE RE AU —Brig R R
RRA:

d B (p¢V)n+1 —(p¢V)"

L[ ppav - = (3-15)
HAE o+l B RS RIEEAY,, BRE TR H:
n _d—V' -
Vi =V"+ " At (3-16)
AT HRBRTETFETE,
dv -
- = 44 = 5. 4; G-17)
[ gu

Hep 4 hBjANEANERRE, n AEHGTEHKEE,

3.4.2 BHIMBEHTE

FLUENT 2% 7 = F3) Mg EH 5 A" SPIRT #:(smoothing methods); 3
A% 24 77 i (dynamic layering) BA & P #% B %7 %)l 53V (remeshing methods).

(1) FIRsE

LR PR, BEERFHMNT AZEH MR LERER TR,
EFABHZH, MHEMELTEERE. —BYEAREES), FEEERZ
WEMBBEHE NS, WITETRAMEPERE, XNRAGRSR
FARM AR E B EAMNT SO, EPREEFRFERE.

() hERHF %

HAERAEEIERNAERERMEXE, &M FIEE 3K # T
EHEE kR EEshii R —FRMBEMBRETE. LRAZSEMTIERN,
HEZXBIMEHNURNETENEAEE, SEIERREN, HEiE3)mE
MR TERESNEAFESHE R SHEKRTZEEF.
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RNE T RERLFAWX

(3) M EF D&

ST R RS RA M R, mRESREABE R, EHE
B THRRS ALY, HEQXHAARTRAR, ERRBERTRE. AT
fRPOXMiaf, FLUENT R4t T MEREHUL FE. SRAXMTEN, B
R M RN KERE. BAKEREURETHEORARBER, A5
FLUENT RIEFF5EE XA G e TR E, MEHBEARTEinMEn
BICH, REEXEEERATCHE EFH RS, WIS M.

343 BREEHSHEMIZE

HFAGHEMRIEEZS), TEWE In-Cylinder (F5%) #IH (FLUENT
ROePREMENTHTEEGEESHNHFBELI), REFIMEER G
G, FEERBEHEESHOHXSHE, G RIPVEE. BEdfma. T
ERM. IEETE. ETFKES, HESKBA 1°CA. REFHNSHEFHNE
3-2 Fi7R.

“4 Dynamic Nesh Parameters

Models . Smoathing | Layering| Remeshing In-Cylinder | Six DOF Solver |
¥ Dynamic Mesh =i i
¥ In-Cylinder Crank Shaft Speed frpm) 1.‘1"“""—.“ |
250 ) =
I~ Si< DOF Sobver | Starting Crank Angle (deg) |-1a7]

Crank Period [deg] (728

Mesh Methods
| ; ‘?::Iyl:::l‘:ﬂn Crank Angle Step Size [deg) ,1—_'_—'
12, Pasiutleg | B s
Connecling Rod Length [m) l?
Piston Stroke Cutoff [m] [l—_
Minimum Vaive Lift ) [g

OK i Cam:el| Help]

Bl 32 HESKERESFE
HF FLUENT AR T iR Bt ARUH R, RATRMAK
MX4H#SH, FLUENT RERBXESH AN LEREIME, £8—
A ED BB EH . HEMEAUT AN EEE:



KRBT RFERLEMRIL

A . AT .,
P, =L+—2—(1—cos06)— L - sin 0. (3-18)

RF, p MEEME (LibSE p, AF); LAERKE: 4 REETRE: 6,
PR

3.5 BUEKEAZ

FLUENTHR{ T RSk i HBmEnRemE RamMiEan
BRRABEREN BB EMER)  XFMEEET UER KRS EE A R
B HER, ERBEEHRRA,

| S EREABAREN EEXETRBEEEE. JBTE. RES
BAATHFEOFERRAR. 28FERSHRBERNANTE, BER7
BEWHRNR, BEREVWRAXBETRANTR, RNETHEIFRER
BHRIE. WHEENIEFRAR: EXRBHFIRETER, HndtEm
RN, MRRARMKRENTR, RESRBENTR, BRBRIEET
o

35.1 BMRBAZNARSR

(1) SrERERIENA
SEMRIER RS RRIEREN, ARSI, DARTER. §
— B HIER S B E3-3577R.
(2) BEmErIER
WEREFRNRELYE. 8. REURMAMMENERTR, RERAS
BR AR B M R T AR BRI R HERSRWE3-4
FizR.
ZBE Bk B, AICER D EFE.
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RRETRFHE#ARI

B kg .
(1) #EFEEEEL,

LA B R AR RN, FLUENTZERRIAMNE R T, it e ER —m
360 X 75 PR 2SR AP o U i)
(2) EEENEEREHIE

FLUENTH24t T =% [E /)i E#E A Fi%: SIMPLE. SIMPLEC. PISO. AX
HEERPISONE, AT LU T & B A M i 6 & R & E R
%. SIMPLE. SIMPLECH#—MATFEHREE. FEFEMNREHEE

& RAT 5 BKERE.

(3) #EEhHmETF

4y B K AR SS P WA RIS I — PP A R R E S . ACER
BN TR E FIFRA T 8 A PR E i MRS R E S E A 3-5FR.

& Solution Controls

Equations =/ =| Under-Relaxation Factors

Flow : " o
Swirl Velacity Pressure 115_3 —

Iurhuiencc Density[7
: |

h2
chd

ch
{‘.hgl:l & Momentum [g_7

Body Forces I?{_""'

= d
preswe:yeluchy ol - Discretization

|PIso L Pressure [PRESTO! ~ i"
Skewness Correction D 'tyl

- ensity [First Ord i | |
[a j ’ irst Order Upwind _J .
Neighbor Correction Momentum | First Order Upwind L| _
; Al
[ = Swirl Velocity [First Order Upwind | -

I~ Skewness-Neighbor Coupling

OK | Default| [Cancel| Help |

E3-5 KFSwERm

3.6 AE/G

Ak #F FENE T CFD#AFFLUENT BT R 3L T 4F i FE AL A S i Y LA
BRBHERS R, GHRRIFEFTUTAHE:
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(1) A48T FLUENTSR A H AR R — P &R

(2) NMATRESNEERTE, BEELERHTRNRRER .

(3) HHMAEIHAAR, EASH T HEPIHEHNRNG k- mARE . R
BABE(EDC) U KB MMIEEL, 4T URFHL LA BRI M T
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BB TR 41183

$4E ZEHCCIR#HNITIEIEELITE

RAEZKEMHLTS, ¥ EARATEMASELIENERRLA, B HCCI
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4.1.2 iHHRBIRERE
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-";'_'_ RSy & I | 7 komega [2 egn] 1.h2
| & Pressure Dased * Imphicit  Reynolds Stress [7 eqn) |
| T Density Based | T Explicit c2-Epsilon
1 k-epsilon Model [1“6-! St e
Space e Time Standard
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TR PR - ™ Viecous Heating
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Gas-CHEMKIN Mechanism File 1 Gas-Phase Thermodynamic Database File %14} 5!
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Fi7Re

4.1.4 BREFHMVEFHE
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k. =0.9C, (-1)
Rep C, K iE B THEE,
C,, =2hn/60 (5-2)
AFn HEE, b ATHETHE.
AR E e h:
k3/2
£=Cl=— G-3)
!
Kb C, HEH, WC, =009, IHmAKERE,
I=h/2 (5-4)
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4.2 EHITE
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W, LR EANZEEANRET, CHRAETIEERENREE LA
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