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Gas Turbine Combustion Simulation with Automatic

Mesh Generation and Detailed Chemistry
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Abstract

Numerical simulations have becoming increasingly important in gas turbine combustor research and
development. Not only being beneficial in terms of time and cost, simulations provide unique insights into
the complex phenomena which experimental measurements cannot capture. Traditional CFD tools take too
much time in generating mesh. The innovative CFD tool CONVERGE uses its patented cut-cell technique
to automatically generate high-quality, orthogonal Cartesian mesh; this realizes Adaptive Mesh Refinement
(AMR) for the temperature and velocity field. In this paper, CONVERGE is utilized to model the injection
and combustion processes in a realistic gas turbine combustor. Results show the CONVERGE transient
solver does a perfect job capturing the transition from initial conditions to quasi-steady state and the
operation under quasi-steady state in the combustor. Recirculation zones are present in the upstream of the
combustor and the primary recirculation is closed by the primary jets. Ignition starts at several locations,
and flames spread and merge until they fill the combustor at quasi-steady state.
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The Head Block Thermal Analysis basing on

CONVERGE code
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Abstract: In order to improve the accuracy of the head-block analysis, put forward a predictability
thermal analysis method basing on the In-cylinder combustion analysis by CONVERGE code. Firstly,
In-cylinder combustion analysis is performed to research the convection. Secondly, the water jacket
flow analysis is done to evaluate HTC (heat transfer coefficient). Thirdly, take account of the piston
ring-liner friction and- piston-liner conduction. Finally, the head-block thermal analysis is done
basing on the thermal boundary condition upon. The result shows that by the new analysis method,
the temperature range and the distribution are very reasonable.

Key words: engine; combustion analysis; HTC; friction; conduction
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CONVERGE FEISIMALIR S RS B it A I A
Application of CONVERGE on Combustion System
Design of Gasoline Engine

XM MRk 220 Bong TiRE
(FEFE—RERMDERAF RSO, K&, 130011)

$ E:  AXRA CONVERGE &4 # T SITHIAMENE | BT T SRKIBNRIE
MRIERGRITNABE D 7TIRRLEH SID WRENT IR, FRERH , XA G HFEERNLE RN
D F IR 5 A A AR T ELL S TR REE R ; FHRERNEANRT  BARRT
AUREREEE  NFERRIERR , REBERS , ERENERRIEERR , FEBER
migsE , EF BT ES ; TARKXKREMANRET , BX SID JREESRERE , HER
BERAENZBHERN , E—BMNRMES ; EREBRT , EARRLERESREREHF TREH
KREHFHMFRERR ; RERBEESERNEIEVNEFTERBEEERRERSME,

FRF: UL MERS  BR ; BB ; CONVERGE

Abstract:  This paper simulates and analyzes combustion process of Sl engine which is validated
against experimental data by using software of CONVERGE in order to design combustion system of
gasoline engine. The results show that, the approach of G-equation and chemical kinetic model well
reproduces the combustion process; In the premise of maintaining spark advance, increasing tumble ratio
will accelerate burning velocity, and knocking intensity will decrease as tumble ratio changing from
moderate to high but increase from high to super which shows inconsistent tendency; In the premise of
maintaining spark advance, increasing S/D will accelerate burning velocity and make knocking come a little
earlier which shows consistent tendency; In some situations, increasing tumble ratio couldn’t bring better
effect of anti-knocking; The main position where end gas burned is due to specific combustion system.

Key words: Gasoline engine; Combustion system; Tumble flow; Knocking; CONVERGE
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AN K28 23 A FE X 1 Tl B LR e I R M
B

Study of Influences of Different Spark Plug
Installation Angles on Combustion of TDI Gasoline
Engine

LI
USRS 1 A R A D

# & AR CONVERGE #k fxF 3538 /& A " i K hALey = AP K I B A
BT THABETH, RERRAKEELEALTOEANERT . MREHBES, &
FAREE . ERA, RKIEEWNZ KA B KIGEBHBER —Z%ch, dh¥
REL IR KRB R ) Ae B B AR @), A 3L AGIR B KL B2 A T UATE IR E AT &,
2 RANHLEGPEEE

XeEE: WERAIN KEEBTBES KREREAR BREMS

Abstract: In this paper, the in-cylinder combustion CFD simulation models of three kinds of
spark plug fixing angles based on CONVERGE software were built and performed. Then from the
simulation results, we got the cylinder pressure,combustionshape,knockingtendency,etc. The
results show the spark plug fixing angle greatly affects the flame spread shape,and then influences
maximum burning pressure and knocking tendency.So right spark plug fixing angle can lower
knocking tendency and improves engine performance.

Key Words: turbocharged engine; flame spread shape; spark plug fixing angle; knocking

tendency
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In-cylinder Vorticity Field Research using Proper

Orthogonal Decomposition

ZRCHE L, WL, fLAE 2
(1 Bl R, REHRTEHEARER TRELRE, i 200240
2 _AZIE R, EPHIR2ERE, L 200240)

#H B HTFEALFTADIRI, REUGHRABRMTEA LRHART . SRR H
P A A N IR A A B A 2R A AT R IR A B RE E . AR AL G F AL, #
RREIZEK, A RKREWGZNERRS, XA RERE TR R RGBT M), BT H &3
NREMHEAAA ., BPENREDZASBS L2585, RERSSE A PRI EETAZATEET,
W B 69 A AR AR RA KT AR R T AR, LG BRI BOE A At KK
W EEARTE F AF R o AR R KB EAL T H (LES)Fode T B R ME (PIV) 482 &89 77 X,
FAFEABRSRMERE &, KRB RAIEIE L5 B 75 k(POD)M A 13 &3t 47K e T, #td k(T R A
F Ao B G £ A A E 0 BE S R AR AR IR L S 4 (CCV), B B8 i RAF 508 7T ATE B AAE B
8 75 ST CA R RAR A B AR R AL N iSRG B M REHABA X TR

K4EiE): KA, BT EER . K5, #E3F %5, CONVERGE

Abstract For the direct inject engines, the fuel-air mixture quality is largely depending on the complex
in-cylinder air flow. Therefore, right understanding and proper control strategy for the in-cylinder turbulent
flow field is important for the clean and reliable combustion process in spark-ignition direct-injection (SIDI)
engines. The in-cylinder turbulent flow field is anisotropy, and the turbulent length scale can be from large
coherent structures to the local small random vortex. In addition, the in-cylinder vorticity field develop
constantly from the intake stroke to the compression stroke. In this process, the coherent structures and
local vortexes generation and breakup can influence the fuel-air mixture and spatial distribution, even the
flame development in the later process. In this investigation, Large Eddy Simulation (LES) and Particle
Image Velocimetry (PIV) are used to study the in-cylinder vorticity field, and then the vorticity field
information is analyzed using the proper orthogonal decomposition (POD) method in order to investigate
the transient and cycle-to-cycle variations characteristics. In addition, through this investigation, POD is
proved that it can be used as an efficient tool to verify the simula-tion result comparing to the measurement.

Key words: LES. PIV. POD. CCV. CONVERGE
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Optimal design on combustion system of natural gas

engine with diesel-pilot injection
E O I
(A S TR 5 AR 9 %)

# B GER, ARRHRE RN T KA RR LRI, R B HUCT JR AL X A
RO 7)Ao KBRS B RATB AT R B AT KT AR F RS RALNARAZE, AL
HIR ., ABIKRAMNY (NOX) HERFHEMIE, Rf, B&49 CO. THC (222 FR) HERAR S
R E R IR AR B 2 M) S A R ARk . ASLB I HiAARSD /15 (CFD) S5if i R At
ARG, H 2 R bRAE R R AR LR AR A R KRBT AT AR A Z R )G,
Lo 5RO E A IR BT Y F & AR K 45 CO B HC Hak, MV 4 AR K AR & Bt E, A A
Bk R Rkt BRARE R S K ek, AR AN @iL % BARRAATFE] 49 Deep BB F ¥T LAK 2K
4%k HC #= CO #HEak, RBIH#2& A AMAGHE, H5EH NOX Fa B B .

K42 KRS, M3, CFD. CONVERGE

Key words: Natural gas, Pilot injection, CFD, CONVERGE
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R . R T ER I I 7R SR S LA 3 I R AR R R QAT 525, A 1 S|
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ZT CONVERGE HIPI FHIARER BhHLEL A MR BEIR B 734

Combustion Temperature Analysis of Dual-fuel Engine

Based on CONVERGE

FRE  BRigHR S BUne XA BTH
(SRR AT BR 2 "l SR Al

#  E: KA R =% CFD #:+ Converge 4t 3t i i &5 K 2R A% B MR K S ALAL 1 K B 3T A2 8 4742
W, AR TR X TREAMBEREGZF. EREYA, XAFIAT, RAAUMERER, R
NATREBRZESBTOEK, RAFER; DAFIAT, RAAMERERE, RAALE
A TR TANALVZBARERAEL, Bk, ARABRHAHIE R SE, & FHEY
L AT EEM

X498 mAMBAHN T AEBR BEEE

Abstract: The combustion process of gasline and CNG dual-fuel engine were simulated by CFD
software Converge, the difference of combustion temperature in two operating mode were analysised in this
paper. The results show that natural gas combustion slowly, the valve and valve seat is exposed to high
temperature for longer time and the thermal load of the valve and valve seat increases in high load condition.
In part load condition,natural gas combustion slightly slowly,the temperature of valve and valve seat are
similar in two operating mode.As a result, dual-fuel engine requires the use of valve and valve seat material
which can resist high temperature and large friction.

Key words: Dual-fuel engine,Valve, Valve seat,Combustion temperature
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% U R SR IR Pt 1] S E0R M R A 5T
The Study of The Influence of Combustion Control

Parameters based on MPI Natural gas engine
XWEE VROUE B
(P e AT FUBT, VL5 o 214036)
LIU ming—jia XU han—jun XIA xing—lan
(FAW Wouxi Fuel Injection Equipment Researeh Institute, Wuxi 214063, China)

W OE: KRECHENHRT AL L& ZEBRAEARL, BEBHEBOEIA R, 2Rk VI
FEBOR S R HE R R IR R B C O AT ML TR B2 — o ARSCERTIERR VI 2 fim RIR
KB, MHA] COVERGE R AFxf Fit I REEAT 1RSI T, VELR AT 7 AR SRR e d S HUR SR
BRI BE B FE M o

REEE: R WEUIIER B4 R

Abstract: Natural gas is a favourable substitution fuel for internal combustion engine,
as the sterner of the emission law, Natural gas engine satisfied Europe VI or higher level
is becoming the important object for engine trade. This paper based on a Europe VI
MPI-Natural gas engine , study the progress of the cylinder by CONVERGE, the Influence

of some combustion control parameters were analysed detailedly.

Key words: CNG Injection timing well-proportioned swirl ratio
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V% S5 R AR R 5t ST LR PR I AR O R M
Impacts on diesel engine combustion process of

different spray break models

WIS CEE ERE BT
AR BB 530 TR, WA M 250061)

#&: ALAT CONVERGE ##, ## 7 ML RMM LA, 5 ALK KH, RT,
KH-RT. KH-ACT 5 TAB "t Z A MM 42, H oW T HE& Ak R, BA. B
WE BBMAE, R FEAR G FHE L. RIEMBMIEERT, SEAZREA
— & £ A,

K4 R E AL, CONVERGE; HAAMLHA; % iUk iz

Abstract:This paper set up a simplified three-dimensional diesel engine model based on
CONVERGE software. KH, RT, KH - RT, KH - ACT and TAB spray break model had been
selected during the combustion simulation process respectively, and then their cylinder pressure,
temperature, heat release rate, integrated heat release rate, spraypenetration and Sauter mean

diameter. It is concluded that there is obvious difference between the results even in the same

initial condition.

Key words:spray break model; CONVERGE; numerical simulation; diesel combustion
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RERE: BRI BRI WE%; it k; CONVERGE

Abstract: Downsized turbocharged gasoline direct injection enginehas become an important
energy-saving way. Injection timing has a great influence on soot formationbecause of
differentmixturestatus. This paper uses CONVERGE to investigate the influence of different
injection timing on mixture formation, combustion, and soot formation process in cylinder. The
results show that the source of soot formation is local rich mixtureregions and pool fires near the
cylinder wall. The soot mass is obviously increased due to eitherliquid fuel formed during the
early injection burning on the top of piston, orlocal richmixtureregions in the late injection case.
Key words: Gasoline Direct Injection Engine, soot, spray, pool fire, CONVERGE

1515

LA, BB R ITHLED A RN, VA4 R RS e ok i P2 1, KR
LTI 2 5 BT K U b 8 o 3 T 05 e TSR PO R 5 a8 e A% P AR 7
ERSEERERY, wAK, KB AR B AL &7 % B E 7™ & fa 3R .

RSO RGRER, MITEEST PR IBFLTR RS 2R b, BFR T GDI K3
Hlo GDI & SNHL AT BB 5 3 R B M LT Py Sk bR A SR EE, BOINESE L . S
VERE. HHT, GDIREWLE A HE ML 3R A,

7E GDI RENHLTAEE R e, i PR A 2 A5 B 5 2R 17 S B A8 R RZ 3, 1
MR RN A R, AT A 5 R RER RS, AR R A SR KX,
NI 8 BHLRIHERCE RE = A B, AT edE, —SeRPRF R AT R Akt GDI R ShHLIIBR A
FRHEAT TR AT ST, WK S R AN A T . Stojkovic Z43 BRI OGS
JEFERAEIERT GDI K BIHUBME A Bt AT T AL I Se B4, B e 4 R IR A < A )
WRIX o BB I R b R GDI 4 SILAE BB 1 3 B34 4%

AR SCEE 0 — 2 T /N LR LA v 5 A7 L, o AR R i 22T A TR
F SRt T A A B I A ok EE 3T » T L P VR S B K T I o T A P B

2 REHIRIESER T
RIS ELAI UL R MR EBGIAL, REL BB 1. BB ATEE 2 1L

-324-



20154F IDAJ—China " [E P P8 SC4E

WA, BRI E T MR AL, KAEZEA BT s O A B A 1 . 3 E R
A BB AR HE N E W ARG Ui, mlfiiiim S5 & e i G . KSpL L
WBHINE 2.

W !

B 1 AL eHERNK

R 1 RIPBEER 2 REARURE H fi TS

e s ZH SR ST A
fEMA IR EN ik / (r/min) 2000
2R R IE AR S1/MPa 0.156
e 75mm
M 73.5 mm /N m 137
He& 1.299 L TMFEZE/ (m1/min) 186
JE4iE 10. 2 AR/ C 39.3
g A 6 FLIE 25 Wk fa/° ATDC 3
W s /7 13\MPa TR 14.3

B8 & 2 g R Bl TPl SRS HIR R G5 Herh ok o)

#rix (DMS500) W HEyE FEI7E 5~1000nm, KAE[IBE 0.1S, TERSIHUENIATEEAT KA. B
%4> 508 330 BTDC. 300 BTDC. 270BTDC. 240BTDC. 210BTDC, MWEwLIE
i 270BTDC I ZI i BRI vk B /N, A 0.32107 /em®. 330 BTDC i ZI ey 72 A= (1) $5itkir
WDy 18.4107" fom® 378328 K H IR Ml [ SOk 0 RO BRIR B . 1 2 AR S R s s i
2R B AR (R ORI R B o

22

204

- e~ 2000r/min IR A E:

16 4

14 4

124

SRR E107 Iem®

184 °

Lo N A O ®
P T S

T
-300 -250 -200

HhfiEE A (deg)

B2 RIS FR o SRR =

-325-



20154F IDAJ—China " [E R 604

R BESER
31 HEMIRSIEE

TR R A0 B 3 FroR R A AL . N5 TR R 5 AL I SR R, A
CL dmm PE RIS o B BB A RF IR IS ZI AT R 3 N2, e s 22 ash 4 H R 5 55 7l R Y
WHOINEE 2° 4%, KAEZEAE S 2 AR BOINEE 2° 4%, 5K ZIJT AR EL R RS nas 2° 4%, 3F
FEAIRFERLE 2.5K MR RS 1m/s LL_EASLI 2° 5. 18] 4 5 40TA ATDC L A %
SINE RO

iy
A0
b
17Ed
1126

GIEE

[ 3 XA M & 4 W% B &N

TEGT PN BB IMALH, R BRI U A B E B MIER, W5 2 R~ K/
SRS RIS S AR S AL G o RIMEE NIREE = )5 2 R AERE . TR
Pesh. . fiE. BAEMEES— RINEAR ., RESEEGE MR ZM SR K E
BRWMBNRA MR E AR . CA KB A RTERS R i ms AR, A ik
FH CONVERGE H 2 Pt Z5 A5 AU A5 FH , 1 50 rp 25 8 32 22 10 Hh i A R S R 5217 L O Rourke
IR AT Y RV O S AR o 78 R A5 80 3% FH Frossling #5578 o S -y R B2 R A Wall film
R, ZAR T R IAR T AR B JE T R . . R IREEAT . BRI FER A KH 5 RT B
MEESMER, KH B T HRA SR AR E B T E L 2, RT BIAYRET
Rayleigh-Taylor AFe e Pt AR, 787078 R — URRH R AR — VR RM A o) 158 52 3 R A 52
PRIGEARALN SAGE TEAIML2EEN J 288, Horp b2 i ATLE R A SCAE B I R 1) 22 295 7 F
ot S S L, R AR S Hiroyasu-NSC Z8 364558, 38 i R iR R TH S IR A G 2R, NOX A5
%/ Extended Zel’dovich 1%,

3.2 {RBIRE

B, TR NIARE o A R SR VARG 55 RS AN B 2 B, A KH-RT
R r AR B B EAT b, [ 5 VR B R S A S SR 5 A . 18] 6 ik
A 577 BE AU ST AN b SR LU IS BT 57 o, R AR TS5 RE 8 HE A 1
Rt LS e

- 326 -



20154F IDAJ—China " [E R 604

5 MRERSSRIUGERZ

FEEE (mm)

o B EIFER
HHUET PR

T T T
02 03 0.4

WHHINZ] (ms)

6 HEISIXIE R EFHEITLE

e Cbn e BmE S5 R A N 16 T 00 P EEAT HES S W5 MAbe SR ) 4 AR Reps

M. & 3BT IR % 1
*® 3 EMEEN

EA i FMZH
SETEEREIK 515.15
TEFER IR E/K 615.15
R EIK 338
HITERRRHR /K 300
I IE S1/MPa 0.16

7 7354 330°BTDC. 300°BTDC. 270°BTDC. 240°BTDC. 210°BTDC I} ZI|mi i st v ) &
ZER G 5 R B A O SRR 2R X Eb s . NIRRT DA, S 1, %L
ERAUGLE S & 2850 6L #th V) G100, BT s — s Tile 45 2R, X nlRefi
PO, o BEHE AR 338 JABRFEIFE G 06 . BB SE T LM A TR 5 55 . ke Bl

R ZE B 20 BT AR A o

w
]
3

8
BHREERIIdeg
{iLJ%/Mpa

(il E/Mpa

.
5]
3

g 8
IR A Ideg

=
S
]

o

o

-150

T
100

T
50

.
@
S

50 0
il friideg

T
-150 -100

(8 330° BTDC

- 327 -

T
-100

T
50

T
-50

150

0
iz frdeg

(b) 300° BTDC



20154F IDAJ—China " [E R 604

(i 5/Mpa

I /Mpa

33 &R

BIHFRE (kg)

il ZE AR, 7 A KB, B4 _E b R A KR A A
K RITHRL PR I ) J 8 2

- - U
. 200
g
3z
NS
] ]
' 100%@2
! =
450 4100 -50 0 50 100 150
e fi/deg
(c) 270° BTDC
81— gl
- - BEMH

§iLE (Mpa)

1 —
o] - - v

-100

T - T
0 50 100

[ £l (deg)

T
-50

(d) 240° BTDC

- 200

-
a
<3

2
o
T Ideg)

450

T
-50

il ffi(deg)

() 210° BTDC
7 A EIG M AT RIRT RLELE B AR ERAE L S i 3 T b

P 8 AN [R] s iy e Ze B M AE s . B (@) A AN [ M bk o 221056 I PR R A e o o T 2
METTLAE H, 270 BTDC I ZImEith 727 28 M B 5t b Ny 4.210°kg, & b s SRl
TR A R 5 B 5 R B & SRR B B R ) B A S AR A

8.0x107- - - 330°BTDCHHHBHN &
, * 300°BTDCHHMHNHT &
7.0x107  —— 270°BTDCIHHIIHIT it
, 240°BTDCHHIBRIHT
6.0x10" A -+ 210°BTDCHWHMBRIAG R |
5.0x10” -7
.0x10™" -
P
- 7’
4.0x107 4 P
7
3.0x107 ’ o
7 -
7 , ke
2.0x107 0.
1.0x107 [P
;.2
0.0 B e T
0 100

il (deg)

1
150

(a) HEHTEINGEHATZITRIB A AL

(& 8 A~ =Rz 36 B 2 ik MR A B

ERTRAACEREL0 fom?

2000r/min {AUSATR R
2000r/min FEUERARF =

n
[}
\

0.0

T T
-300 -250 -200

e (deg)

(b) #EMBRIARE 5t 50 AR E

1.8x10°
- 1.6x10°
+ 1.4x10°
+ 1.2x10°
- 1.0x10°
+8.0x107
- 6.0x107
+ 4.0x10”

+ 2.0x107

JFiE (kg)

AR

R 4 AR, ZImE i 45 AT 5 FEX R M AR AR . B 9 Sy AT iR miih 2 HE<
T JE B 200 PN e R AR A . T RAE B bk AT 330, UV FE ST b ok A g

=

HEZRIKAR.

=

o EE G RN A IR L

M M A PSR U B e KRR PAY o R ) 5 B 5 RO O A i

- 328 -



20154F IDAJ—China W EH itk

3R A4 AR RIB E 455k A 5°
270BTDC

240BTDC 210BTDC

300BTDC

330BTDC

— - = 210°BTDCHFHHIFR AL

3.0x10° 1
" + 240°BTDCHIIIBT A L
2.5x10° - Y +++ 270°BTDCIY (&ﬂ%ﬁgﬂ’ﬂt
f . — + — 300°BTDCHHHHFGR HAML
I N - = 330°BTDCHHHNHIBI R
~ 20x10°4 1 e
(=2} ] ~
= X S o 'Tbc
18 15x10°4 el !
\g [N R
T o10a0°] 1 1 RN
= Y BN I ..
5.0x10° - : 1 NS !
vl ';_\'hx Tss !
0.0 1 y P -'T.‘. - _‘_‘TE_‘. ‘‘‘‘‘‘‘
350 -300 -250 -200 -150 100 50 O 50 100 150

hiFe A (deg)

B9 SIMHERE

MK 5 Frnha DR SIS RT L, RIRE SR XA KERBREA &, 7£E

1E RAHT 330° A& 300° My R SR AR T UG FE A, BRI RE rh R AR A AE i ZE TR IR tH I it
KILG, MK ERRIE . 76 b1k AT 210° 2 240° Wiy A<V & I )& 1T T R /2
RAS, G IR A SRR XN A BB o T7E bk ST 270° WS IR A IR

B5, R DUR SR XA K ILR, i AR A il 2D
%5 M= HEBLLEBRIRN S

(a) 330BTDC BIZIBTHMZE HELL SRS
R L TRAH 43 A7

il E% M 000 050 1.00 150 200 QOGN 3 AMEO03 TO00R-003 10506002 1 4000000
BT = [ i |
F—

40ATDC !

70ATDC

e
100ATDC
|

- 329 -



20154F IDAJ—China " [E P P8 SC4E

.",
A

130ATDC
(b)300BTDC RIZIMHHIAST L2t SiiB
WAL 3 i
Hh %S /A OO0 050 100 150 200 [ ORHDN 3 S0Me-INE TO00e-000 1 NB0e-0N 1 400n-002
BT = [ . i X A
80ATDC
i .
o -
(c)270BTDC BIZIMSH MR 2 2 L SR IE 557
WA E L {3 i
il £ D00 050 100 150 200 AAMGHON 360003 7000000 1 A60e-0NZ 1 4000002
o .

(d)240BTDC RTZIBH MR M2 L STRIAS

- 330-



20154F IDAJ—China W EH itk

PR B L 3
Hﬂiﬂﬁ?% oO0 050 100 150 2.00 NOND+DIN 3500003 7O000e-000 1 060002 1 4000072
i -
409ATDC “
60ATDC
£n
80ATDC
(€)210BTDC B ZIMTMIAT HE L SkIE S
R E 3 il
it b % £
000 080 100 1.0 200 NONGe+N 3 A00a0n%  TO00r-003 1 060002 1 400r-002
B = - [ i -
60ATDC ‘! (
]
80ATDC ﬂ
4 £5ip

A SRR A RIS il I 2060 GDI & ShLBIA A IR R IT W 7T, 34T 1 A
LA %] GDI K sl 4 TAR R RE BB AT 7T 704 1 B A . A
EERT B 2L B o A5 BT 4 18

1. FmE AL Rk gar 3307 WD), WARBREHE DS T, (RIS R, 1
WARJGR L R TH E 7 ZE TSR BT it K, 3 BOR B BRI Ao

2. Wpwi LA ChabsiaT 2200 i), WUREREE, SBURGUREAYS, T
TR, AR TR A R AR IR X A KRR

3. RAABIAN (EIERHT 270° WHHD, ST ABREHIR G 58 4 A i D B BRI -

it LA 5 B 326 5 W ok IS 22 CRALE AR T R 250 2 08 PR TR 5 e T, L/ W o B S 42 il B A
A R S SR AT

-331-



20154F IDAJ—China " [E P P8 SC4E

B3 3R

[1] 4t 5 i 3 R )5 . Jb 50 T 2012-2013 4F & PM25 E E R 4 R E H 4 W
[EB/OL].http://news.cnr.cn/native/city/201404/t20140416_515310491.shtml[2014-4-16]

[2] Ealr, £ & R0EEE R R AT s e 0], R4 2 5T RE Rk, 2010,
03:167-178

[B1465%E. OGS HFOGIERT FURABE R R A s A2 BRE PR [D]. bt T4 K5, 2014.
[4]Stojkovic B D. High-speed imaging of OH* and soot temperature and concentration in a
stratified-charge direct-injection gasoline engine [J]. Proceedings of the Combustion Institute,
2005, 30(1): 2657-2665.

[5] Amin V, Kitae Y. Investigations of the Formation and Oxidation of Soot Inside a Direct
Injection Spark Ignition Engine Using Advanced Laser-Techniques[C]//SAE Paper. Detroit
Michigan USA, 2010, 2010-01-0352.

[6]Jing, D. Experimental and Numerical Studies of Fuel Spray[D]. The University of Birmingham.
2015.

-332-


http://news.cnr.cn/native/city/201404/t20140416_515310491.shtml%5b2014-4-16

20154F IDAJ—China " [E P P8 SC4E

F:-T CONVERGE Ky H S AH T Kt &
Simulation on Marine gas engine of CONVERGE

software

WEE HER BT

TSl JIE FE e A PR 2 7]
W OB AR KRR R RSB AR BRI 1R RAETHREERRE R,
AXLRARAREXBRBERZAFAUARARE RS A KRG T XNFERLRE. =% CFD 3 #
CONVERGE iz K hALa9HE AL Bt R4 ARR A2 AT T =4 CFD AR My A7, B ME
RS AFH THRREERT) . BE. ARFERE B TRIAEF, HILERR &Kt 2 3 %
EIARE A
RAFE: AR, ABR. FUKSEE. CONVERGE
Abstract:  In order to overcome many problems such as, combustion instability, slow combustion
rate, and reduction of thermal efficiency, even misfire in large gas engine. The article worked on
pre-chamber combustion system which the fuel concentration in pre-chamber is controlled independently.
The working process of a lean burn marine gas engine was simulated with a 3-D CFD software package
CONVERGE. This study was conducted to simulate the exhaust, intake, compression and combustion.
Based on the simulation results, the pressure. Temperature and heat release rate of the chamber were
analyzed, the flame propagation were investigated. And also the different ignitions were compared.

Key words: gasengine , marine, pre-chamber, CONVERGE
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KEIA: MEERRZEM; Dok Fik; &5FME; HERME

FERH: CONVERGE

Combustion System Optimization Study of Efficient SCR Diesel Engine

Based on CONVERGE
Jing Chen, Chuntao Liu

Weichai Power Company; Weifang ,Shandong

[Abstract]Based on efficient SCR diesel engine, combustion system was optimized with CONVERGE
software. First, a three-dimensional CFD simulation model was established. Different fuel injection
advanced angle, rail pressure, combustion chamber, swirl ratio, fuel injector parameter were matched with
DoE method. This paper provided a reference for the improvement of the diesel engine combustion
system through evaluating each calculation project economy performance, emission performance and the
maximum pressure situation.

Keywords: Optimization of Combustion System; DoE Method; Economy Performance; Emission
Performance
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T 7% (o 5042 30 15); Wl e A%, SEMERUA K Me (30 1), MIHE L RIFI/NT 2%,

[1] De Risi A, Donateo T, Laforgia D. Optimization of the combustion chamber of direct injection diesel
engines[R]. SAE Paper, 2003-01-1064. Warrendale, USA: Society of Automotive Engineers Inc, 2003.

[2] Converge theory manual. 2014.
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T HATHEM ﬁ%%mfizﬂé%ﬁ%%ﬁ%% PR R
% CFD Y\

CFD numerical study of high pressure common rail
diesel engine combustion system based on parallel
computing and simplification mechanism
FEM, L&, RS, WER, IAE
GERERY IRE %4 5ITREE o RS20 = 65T 100084)

W& ALARIEE 100 4735 -F4, AT CFD 44 CONVERGE, # 7 & /&£
AU R G, FHATH L T SRR F e TAE AR, SR AW, AR R LA
TR AE e, it H AR+ AR, At RULFRAE R BB B A HE A 2 Ak
RFRBOAFE, BHERT EFA A RERMER. At R T K F A
KH A2 A 6942 A HOT AR 2 i A2 8 v, FFARIB R R A ST TAFE . A TR
B AARAL BAT R ABIAGEAT SRR R T Wik, oab et 2], kR A fe EGR Fatiz kb

HURR B HE AU T 09 %o AU

KB CFD, AT, Ribb, MBER%, KMABEM

Abstract: The research employed a CFD software CONVERGE, based on parallel computing
platform “explore 100”, to establish a high pressure common rail diesel engine combustion
system model and parallelly compute the spray and combustion process, the results show that on
the same node with the increasing numbers of parallel cores, computing time reduced significantly,
meanwhile combustion and emission characteristics kept sufficient accuracy, but parallel
calculation across nodes slowed down the speed. On this basis, the influence on the combustion
and emissions varying the model constants of KH model was also studied and the model was
calibrated according to the experiment results. Lastly based on the calibrated model, the effects of
variable engine operating parameters on swire ratio, injection time, injection pressure and EGR
rate on the diesel engine combustion and emission characteristics are studied.

Key words: CFD,parallel computing, diesel engine, combustion system, numerical simulation
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T CONVERGE 1 modeFrontier B4 B I SEH AR
REGE A

Structural optimization of a diesel engine’ s
combustion chamber based on CONVERGE and

modeFrontier

B W17 efE WEm RKE o7
CHR L S IR AT BR A R SR )

B E: N THRE—RK 4 FHERTE NOx BER , A SRR E M SmEL R it B E R
FERBRETHEOEE R1 MMREE R2 ERAZSEMRMILBATE , LEHHHE
( BSFC ). H%)R ( Soot ) MIEELY (NOx ) BEtkiEN B4R & , A CONVERGE #l
modeFrontier B4 #1TLBMRBKEMILHE , BIREEZHE , THAIV BENFERER
LEHFERBEFHNRRERR, HELRKH , 2T CONVERGE M modeFrontier Bk
EHERHTEBNREELMSARRIALZEHEES  BEZHEEANEBE TER
NOx MIREFR , KB THRILEN.,

XEF: CONVERGE : modeFrontier : 425h#l ; MEZELEM : 16

Abstract: In this paper, in order to reduce NOx emissions, two structural parameters as R1
and R2 of a 4-litre diesel engine’s combustion chamber are selected as input variables for
computational optimization. And the fuel consumption (BSFC), Soot and NOXx emissions are
selected as target variables. Based on the calibrated model of combustion, the multi objective
optimization work is done with the help of CONVERGE and modeFrontier. A combustion
chamber scheme meeting the optimization object is obtained by data mining and the balance of
fuel consumption and emissions. The simulation results show that multi objective optimization
based on the combination of CONVERGE and modeFrontier for diesel engine combustion
chamber is a high efficient method, and the scheme of low NOx combustion chamber is
successfully obtained by this method.

Key words: CONVERGE, modeFrontier, Diesel engine, Combustion chamber structure,
Optimization
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T A Y KH-RT Model
NOx f&578d Extended Zeldovich NOx Model
Soot &7 Hiroyasu Soot Model
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History - R2 on Designs Table
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History - NOx on Designs Table
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Parallel Coordinates - {R1 R2 comp_ratio ft#4LilikE #:#¢Soot 1i2#¢NOx} on Designs Table

R1 R2 comp_ratio AL LLINAE i ¥ Soot #:#4NOxX
®_® - p
] 74 §
318
78 0.10 2
317 74
na
o
316 2/ v
75
35 74
314 3
72
7
» 5l
704

comp_ratio

R LLhE

K 14 4y sx b

Parallel Coordinates - {R1 R2 comp_ratio Lili#f Soot NOx} on Designs Table

R1 R2 comp_ratio He#e e ¥4 Soot i #NOxX
e N . o5
79 18.01 82 21 i J#NOX
318 i
78 17.8} 0.10 p2 83
J4 / 8.2
g L2 V/al! 0.09 8. la ;
76 vt 210
316 “ay 000 / 8.0
75 124 : 29 7.9
315 74 . 0.07 7 7.9
} 209
a4 £ 17.41 \ 0.06 L
7.2 1 \ \ 78 7.7
313 s 17A3E o8y / I7 .
17.2 SETEN 7.7 7.5
I 208 QY
at2 L [ ‘ N@ 75
é 6.9 1711 | f Y
311 —pal132 17,0[ i 0,033.“
g ‘ X/
310 67 168 207, 602 75
& 7 ooz it
R1 R2 comp_ratio IRHE L FE i #:Soot I #NOxX

K 15 FFa HARZ R4 )5 X E

FEr®g  BiAE

K 16 iR =E TR E T 5T
5 it

AR SCEIR B S H LR e =AY, K CONVERGE #(#FB% 4 modeFrontier T FE 4R
RELEWZ HistRAi 7. RS RER:
(1) 3T CONVERGE A modeFrontier BG4/ FiEAT SEIM LA RS 2= 250 H SR A6 TAE & Al
1T, 2R T B I ERAR, AR A AR B R
(2) ACHIE IR = SR TAER 2 TR TTR, %7 AU 7E T L I AE R
Soot HARHIRTHE T4 NOX B4 1.4%, AFILILH .

ASCAEARAIE R I T TEROT 56 o PARe v 0 i) 8L, 3 %) e I 7 S e s DA AR A R
MIFETF R AT o 12 0] 8 IS5 010 A8 B i A KR, TEZ JE b TAE o 5 2
Pt

6 7530k

-379-



20154F IDAJ—China " [E P P8 SC4E

(1] A=, (ARHLZE) , P Tk HiR+E , 1996
[2] XEZR , (BRI ( PRF ) RITVERIERE ( TRF {LZE RN HEEREHNTR) |
2013

- 380 -



CSC:2015

7 1DA

integrated digital advanced solution

IDAJ-China Co., Ltd.(Shanghai Office)

ADD: EimiBARHMIX k#8620 PRt EiREFRAE 7 #£2001% 200122
TEL: +86-21-5058-8290 5058-8291 5830-5080
FAX: +86-21-5058-8292

IDAJ-China Co., Ltd.(Beiding Office)

ADD: JbmmEAAX LR 14515 REEKE1601= (164%) 100020
TEL: +86-10-6588-1497 6588-1498

FAX: +86-10-6588-1499

FARZH: support@idaj.cn  AFMIL: http://www.idaj.cn

E-mail: info@idaj.cn




	01-GT ok
	01-可变截面增压技术提升电控柴油机性能研究
	02-柴油机实时模型的应用研究
	03-GT-SUITE预测燃烧模型在天然气发动机开发中的应用
	04-双流道涡轮增压器对发动机性能的影响分析
	05-基于物理模型的涡轮增压器放气阀工作特性模拟
	06-GT-SUITE在发动机润滑系统设计中的应用
	07-Genetic Algorithm Optimization Applied to the Fuel Supply Parameters of Diesel Engines Working at Plateau
	08-基于COOL3D的发动机热管理系统仿真分析
	09-基于GT-SUITE的发动机冷却系统仿真与优化
	10-低压EGR对增压汽油机性能影响的模拟研究
	11-基于GT-SUITE的凸轮型线设计及配气机构运动学和动力学分析
	12-一种压缩释放式发动机制动系统的数值仿真
	13-某增压中冷柴油机的增压器匹配及高原性能预测计算
	14-基于GT-POWER的排气系统声学性能分析
	15-节能赛车燃油发动机仿真优化研究
	16-基于GT-POWER进行双增压技术的仿真研究
	17-可变截面涡轮增压柴油机的排温管理
	18-余热利用系统对主机性能影响研究
	19-某V6强化柴油机平衡及振动特性分析
	20-可调转速复合增压系统的高原调节规律研究
	21-某款发动机与整车匹配动力性经济性分析及优化
	22-某款增压发动机的性能分析
	23-基于GT-POWER对某发动机怠速负压偏低分析
	24-基于神经网络的零维预测燃烧模型及建模方法
	25-进气门晚关米勒循环对柴油机缸内工作过程影响的研究
	26-基于GT-SUITE的发动机热管理稳态分析
	27-基于GT-POWER的船用柴油机进气加湿技术方案研究
	0 引言
	1 计算模型的建立
	2 试验设计
	2.1 试验设计工况及方法的确定
	2.2 试验因素的确定

	3 试验设计结果及分析
	3.1主效应分析
	3.2交互效应分析

	4 组合方案的优化
	5 结论

	28-基于GT-POWER的两级增压柴油机性能仿真研究
	Abstract  This paper discusses the performance simulation investigation of two stage turbocharging based on a marine diesel engine and analyses the the influence on the performance of two stage turbocharging marine diesel engine.With the original sing...
	Key words: diesel engine Two Stage Turbocharging Performance Simulation Study
	0 引言
	1  研究对象
	2  仿真模型的建立与验证
	3  仿真工况点
	4  计算结果及分析
	5  结 论
	6  参考文献


	02-CONVERGE ok
	29-基于自动网格生成和详细化学反应的燃气轮机燃烧模拟
	30-基于CONVERGE软件的缸盖缸体温度场分析
	31-CONVERGE在汽油机燃烧系统设计中的应用
	32-不同火花塞安装角度对增压直喷汽油机燃烧的影响研究
	33-发动机缸内涡量场的本征正交分解研究
	34-柴油微引燃天然气发动机燃烧室优化设计
	35-多环芳香烃PAHs作为前驱物的GDI汽油机碳烟模型数值模拟及实验研究
	36-基于CONVERGE的两用燃料发动机缸内燃烧温度分析
	37-坡形喷射对柴油机燃烧排放影响的模拟研究
	38-多点喷射天然气发动机燃烧控制参数影响特性研究
	多点喷射天然气发动机燃烧控制参数影响特性研究
	The Study of The Influence of Combustion Control Parameters based on MPI Natural gas engine

	39-喷雾破碎模型对柴油机燃烧过程的影响
	40-喷油时刻对增压小排量直喷汽油机碳烟生成的影响
	41-基于CONVERGE的船用气体机仿真计算
	42-基于CONVERGE的某高效SCR柴油机燃烧系统优化研究
	43-基于某直喷柴油机的缸内燃烧数值计算方法研究
	44-基于并行计算和简化机理的高压共轨柴油机燃烧系统CFD数值模拟
	45-基于CONVERGE和modeFRONTIER的柴油机燃烧结构优化

	03-mF ok
	46-modeFRONTER在一维仿真模型标定方面的应用
	47-某三缸发动机性能分析与优化

	04-jmag-ok
	48-基于JMAG Designer的调速永磁同步电机的定子最优斜槽角度计算研究
	49-JMAG软件优化计算及其在比例电磁阀中的应用

	组合
	00-基于GT-POWER的增压直喷汽油机EGR技术的研究
	50-【增补】基于GT-SUITE的某自然吸气汽油机排气歧管改进选型
	51-【增补】4-2-1排气歧管对发动机性能影响的研究
	52-【增补】轿车外气动性能与热力学性能综合分析与优化




