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Research of Raising Engine Performance by VGT

Technology

B XA Mot R Mds KR
RN RS R AR, $EEH 441004)

# B AXALBT VT (FTEATAIEE R L) HARA €= ML RIS
Afett R, FHRLEREYW: VCT MER TR T L8R MG, Bid GT-POWER 4+
Bt HAepdr, VGT RSB E AFEIEERGRER: RIRXAIIFRI )M,
BARRAT 2 14%, TRERX G BRI ZEE; TRAZRA M, KEZRX 837 %
BAART 12%/3000m; FBF, AREMRRZFELY 2%; i, BARE AR AR, £5F5
WRBE AR KOG RIAHREA PTEAR, AT RN T EH,
XHFVGT # A Kaputkae; R+ HFH2: GT-POWER
Abstract: This paper described research process & conclusion of raising engine performance by VGT
technology (Variable Geometry Turbocharger). The research results showed that VGT turbocharger
improved 14% plain torque than waste-gate turbocharger by GT-POWER software simulation calculation &
analysis when VGT matches 10 liters electronic control diesel engine, especially in the middle and low
speed area it was improved better, and it also improved 12% torque in 3000m altitude. In the other hand,
VGT turbocharger also improved average 2% fuel economy in all operating area and reduced combustion
chamber thermal load by the same mechanical load to be good for engine reliability.
Key words: VGT technology; engine performance; simulation calculation research; GT-POWER
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-4-



20154F IDAJ—China W EH itk

B R B N S S AR D Bh AR
PSR T oL _EPERES BRI R ZE SR W T
KAWL LI HRBAUTRRZE, W 2 fon (R ROV IORE, WRENIERE, TFHD.
KAWL T LI b AR Z, Wk 3 s
KAWL T O B2 AR R R Z, WA 4 o,
KA T O b e AT SR 2, Wilsl 5 o

iR

120%

100% °© 0 5 + e @ e & ® e * o
~ 80% .

R .

. 60% °
iE o
= 40%

20% O o«

) i B ) B

0% -

600 800 1000 1200 1400 1600 1800 2000
RKANHLEEH (rpm)
R 7 R ] 2B 2 IR
K2 DhFEMERZER
e e IR 2

120%

100% « ® +« o 0o 0O o© ) .
~ 80% NI S
ES . .
wl 60% . .
& . ]
& 40% @ e & e o+ e e+ e e e o+

G466% ® ® o & o e & & o

20% ® 0 0 0 0 0 0 o ¢ o

00000O0OCGOGQOOIIS

0%
600 800 1000 1200 1400 1600 1800 2000
T Crpm)

K3 bRzl

TRIEFERRE
120%
0% OO0 QOO
o OO0 800
~ 80% e 0 OO0 O O
S e ¢+ OO0 QOO0 o o0
s 60% ® o 00 8@000-
&= ® - 0O OO0 oo
& 40% ® ® ¢ O 491%) O O O O
© ® ¢ O 0000
20% o + @ - 0000000
® ¢« ¢ o « 0 0 o O OO
0%

600 800 1000 1200 1400 1600 1800 2000
HE (rpm)

K4 UHFEERILRZEE



20154F IDAJ—China W EH itk

120%

100%

kiR (bar)

o @& e & O o o] o () o @

. [ ] i © . o O e
. o] @ E [s] e

L] L] L] [

b)) .

MHE (%)

. *

L ]
® < O
. L) e} i ¢ O
. ® o o O o o s D
. ® - . ® ) =] a
@ €120 o o .
N N I
“.oo
00

1000 1200 1400 1600 1800 2000
HE (rpm)
K5 R ZE
2 ¥ 5 WERER, KL 1000rpm DL EESETE L 30% fifmr R UL LR THERE A, &k
WRZE/NT 5% CCOBLFME-SMIED) /5D *100% ). 12K FE 45 Feimh ATk —Mebnife, eSS kR 5 4t
(RS FULTT SHET0E TAE

3 RBIHE T

BT bR € SE R IIBRL R 5 IEIE KT %), HUBTULEC VGT MR 4%, Wi kahblsh k. &
Tk ST A AT 5 T, el R R R PN DT . R, BRSO T AR
FA R OB URAE T 2E4T, BB S 570« WA HLEE R . R MLHS FHRE . 3 [ s
MIAZHL

0%

®
4
80%
60%
40%
20%
600 800

3.1 FfEa
3.1.1 CPEBh ST

RN JE B 11 R SIWLTE TR B 26 1F T BT REE B 1 oK AR PR . ASCERST VGT 34 K #8
WP RS I REEAT b . BRI &, B EELLRSINL H An 2 SIHFER (VT $GE4R07 B WHliZ AT
. BRI =ANERENT &, DERR RSN BRI T 30, R RS 55 @ik e ik
(i KB I PERAT LU . RS 45 R 6 Fio

IR ETFLL (%)

45.00%
40.00%
35.00%
30.00%
= 25.00%
= 20.00%
15.00%
10.00%
5.00%

0.00%
800 1000 1200 1400 1600 1800 2000
RENHLEEE Crpm)

K6 AHMFIEThRIETH A
THREREIR, KEIWUEREX S TR TR RN 78 s X 3l A PR3- Tl B A v [X A7
Pl MAREXSAERIIHE, SZamE, SsOSMHEE S mARE N4 14%.
BT IR, A R R SIL T R DR BIUR TRE R AUR, AR R 28 At B
BOK, SBOMELSFE. PATH RS 5 FIN TR, R A% X e DU AR 1 T 25 4k i
BURSETH R BIBLIBI 01 T rh . AR, BT RARER . = UHFREELAREA B,



20154F IDAJ—China W EH itk

BRI/, AT DU gk N TR SRR AT AR, SR ARSI E, AT B AR T AN B
DI, (AR RS R AWUFER TR, SREFERELANE N, X RN 38 25
B, PRICAZ /R BE K )4 B DAosl N TR SR AR, g m Rl e, & FHMERE T,
BN ESRFIREEE B S5 R .
3.1.2 mEB IS

REMR AL, ROV ERAERKES . ERERET, KIWETSEE TR, S
B AR, REERKINEN )T AT T RSIWLILES VGT B4 K28 it iz J 1 . BAk T
5, MAEEHAATAHEFERE. UM BRI AR ER T, 0 E R R AT .
Horp 3Gy 2000 2K, 3000 K. 4500 K AR R E, 1 R VO R SRR AR s R E 4 K 24
TR BNHLISATIREE o 78 00 IR B 7 18, 43 9 Bk =53 (1900rpm) | H3# (1400rpm ) . {34 (1000rpm.
800rpm) DU/ MM MERFAE T e THESE R 7 Fron. DhRIETFEL AR I TR A 5588 157 =1

AT AR S R 20 S S H
25.00%
20.00%
15.00%
10.00%
5.00% I I I
. |
0-00% 1900rpm 1400rpm 1000rpm 800rpm
H 4500m 12.60% 9.70% 11.50% 20.70%
W 3000m 6.50% 5.60% 2.30% 12.30%
2000m 1.60% 3.00% 0.70% 1.00%
7 =R EAETE A

THHARER, AN THA, =MNERSET, RIS 500 BACT A 55w &
HE. BARME, 7E 1900rpm 3 E57 234 K 45 4 B, 1400rpm. 1000rpm == 2257 235 B HE IR
PRI, 800rpm &2 FMEHRIR A, 70 H R KR VGT 395 2878 1900rpm 8% % K e #R i AR,
DAREARIY TR AR 08, Tt Tt s, RBIHLAS IR LUABRT R iy, K3 e 28 B AR s i) 2 SVHFE R R
B 5 2l Sy Ve e R /N T 9 A R B A AT LA ORI A B AER T3 s #E 1400rpm
1000rpm, HH T EARXS 5 1900rpm FEAIG, (AN 1Y MR 25 el TEAR,  RRi8 R A BN R 25 AU AR,
DR st S, PRI AT HE SRR, RUONEET 3 JIPE & 462k 7E 800rpm,  H - 7 4% 28 T 444 5 iy 41
WRBRATAR,  REM R F B G i ) AR T AR 4 18 R 254 TE A A i R PR, e SR B AR TR
B ETT %

3.2 MM&F S
AR FEAE LU I A PT AS R R 280 AR SR 25 R e, AT AE 100 A TR,
Bl A 1000rpm Z 1900rpm, [&]FE 100rpm, 40%% 100% %1, [AIFE 10% 1, Wik 2 fizs.
F£2 BIER IR RER

g 28 1000 1100 ~ 1800 1900
% rpm rpm rpm rpm
100% | Ldis | Lt | LR | Lis | Ll
90% Thel | Lokl | Ltsi | Lt | LA

~ T | Lda | Lol | Lot R/TY=1
50% Lo | Lo | LA | I | Lo




20154F IDAJ—China " [E R 604

40% THA | Tis | TS | T TR
WA RIFESE T H AR S SIHRE R WUMIRRT M Wi E =R RN R, 0 Lo b A ERR
GBI T I, FR IR SHEIRESIE R AT e . BRI E S R K 8 Fran. EdE O
RFELLHFEALH 7L, “FHZIE3] 2% .

et FEA AL L ]

110%
100% 3.33943.22% 2.85%2.25% 2.29% 2.25% 2.58% 3.68%0.95% 3.37%
90% 3.24963.0092.649%1.99% 1.99% 2.29% 2.49% 3.57% 3.74%3.68%
* 80% 2.419%2.69%2.219%1.83% 1.85% 1.91% 2.06% 2.58% 2.96% 3.47%
s 70% 1.80% 2.29962.10%1.72% 1.73% 1.86% 2.109% 2.43% 2.84% 3.21%
E sou% 1.52%1.72% 1.90% 1.68% 1.68% 1.88% 2.139% 2.43% 2.79% 3.23%
50% 1.02% 1.37% 1.58% 1.52% 1.47% 1.73% 2.25% 2.47% 2.86% 3.14%
40% 0.61% 1.04%0.93% 1.26% 1.40% 1.64% 1.899% 2.40% 2.87% 3.42%
30%
900 1100 1300 1500 1700 1900

RENHIEEIR (rpm)

K 8 #a B LA L]

IR, 0T VYRR ST &, R SIHLAIM DI T B T b BRI R 8 . AR
R =AT M. XT VGT HIE& M=, Big En] DURLF R Pl =4 . Bk 5, EREPlEHE
X, TR BRIEARR L EBOR, PEEE TR R RCR RN, K R i
SRR T BORR R RSRAAUR,  RIAZ X IR A S AR R A8 0 (A A T A 2 Dk 12
Ths WO ARIEX, BRSPS EESR R, G T E 2R SSRGS, Bk B PR LA
AR, AN FEEAHMERUR, SR BB RCR I G 32 AL, VGT B 4% i BLAE L X 350E
AR E, SRRV AR G

P, IR HTEIR, 58] VET HRS T [ L& 9 fios . RIS 2R S HLER St R el
e 2 41 10 o

T (%>

K9 VGT L2 EH I E



20154F IDAJ—China " [E R 604

BRI (bar)

B 10 REhHLIR R i L
THEEREIR, VT MR S AR, R AE Rl DT EEBOR,  IFBEE KB T R
BN, A BIRMZ SR TR RSB R AR 45 R

3. 3 LIS BT

I RISCIRTTS, FERE R BINLE I RS RN, B iR R S AT B, AL
SR FE R V4 25 H A R EngCyIWallSoln BUTAS L N 38 SR A8 10 o A SCF 9T T ERFHUI 51037 (e
ERBE R R K, IREE L CUELRE L RN R . B SR O SR BRAED AR
T, RS AR AR BIRTT S, SRR S IR R, A% TR
PHRE. REE LS B IR TR . R R RS . HESR P REE. B
I EE IR R L A A, I R R R R AT LU AT . AT S BRI G
B, Wil 11 BIE 16 For. ETIEE A VGT 1Tk 2845 R i I B B MG i
AL RN AALVE E 11, TR R 4.6K, 7RI A 7 I 28 SR B S

-

T A I (KO
C Ahonvbromon

_
o
o

B 11 AL T AR R AR AL
AELE EaE A B IR AR T LR 12, P8R EE AR 07K, AEARI R G i e ROt



20154F IDAJ—China " [E R 604

NN~~~ OO0OO~—v— O
TS

O FHEAFY T

i ARG

A
7 2 TOUTT I P AR AL VR DL 130 PRI FAIG 5.4K,  FEARIER A I ORI 2o

HE bk SAr

K12 K

) TR

FETHI R 2 AR AL B

i
BN R R A VE L 14, PR L PR 7.8K,

K 13

FEARIHE K A I IR B 2

I AR

]

-
=
P2 BRI 85K, FEARIH K B fif I R B 8o

K 14

HE N 2R R AR A T LB 15

3221100@

U TG b

AL

I

L]

A=

K 15

-10-



20154F IDAJ—China " [E P P8 SC4E

B IETE AR MR LA LA 16, PR AR 1.2K,  FEARIHE K B fif I R AT I

K 16 55— T8I ZEM R IR L AL

THRER TR, YRR AR RIS AE T, TR = 1% F 5 R A PR
B o R AR AR X AR IR R R

MR PRI SR, BB R SRR R ST AN A S AR AR T P T R & . HL AT
o RRRCRIETE, SECEZ MR E A T, BRI I RE R A D, R B
AR 55— T, BUEAEE N, SR EMEME R RN BN, RO,
L HHFR PR L 2 R RE R, RN il T HES BTN, R HE R R RE ST A HE
T IR N, B EUR SR AR AR

4 &
R BRTR, VGT SRR+ dads syl fe, R0 HIs 20~ H 1)
(1 BHAFEEFRF RS G R s v, HA-FR s AR T2 14%; &R 8h AR GE X
2T 12%/3000m.
(2) R4 T A BB EE 1, 78 Tl EZ8T 2% .
(3) TEAHF PN PRI 260 T, A EARRIBRR S AT, 15 50808 2 A0 5 i 8B AR P b
%o MIMTA R T K BNHLER AT EENE
(4) FERAFVPRT R RAE T, 75 2 & Sh LM e 1SS B A A SRIE .
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KPR © KBS R EPEAERR . RS T

E: He, MHGT-suite AL VR R SIHUEA, JHEMARIRE & 25RT
Py ot R A S 2 i N B R ST B o o i o AR B0 e oK 58 iR S LA
A LHMERE, Tha. HAERREML3CLAN . L ETCIEH KRR I G Aok
s RS BUBEAS 00 T i fe 48 e o (R AR RF Ik o SRR I8 I — 5 1 Tl A 3R A A S
THERE R T SO R e, I SO B LB B R JE R B S A
RN BIHTL A g8 EEAT G, Itas R s R S U R e T 2 S R ST /7 2L
AL A i B R, RSB TY RT DR (1 S BRI Ry PR AR A I
XFIZ ALY RE AT o

APPLICATION OF REAL-TIME DIESEL ENGINE
MODEL

LiuYin ;Li Sanling ;ShangPeng ;Xia Xinglan
(FAW Co., Ltd R&D Center Wuxi Fuel Injection Equipment Research Institute, China)

ABSTRACT:

KEYWORDS: Real-Time Engine Model; Hardware-in-the-Loop; Transient Operation
Firstly, The detailed engine model was set up using commercial software GT-Suite®,
with the measured injection profiles and other operating parameters adopted in the
model. The enginefull load mode calibration result showed that the simulated power
and torque match experiment data within 3%.Turbocharger transient performance was
calibrated with the boosted pressure curve obtained from engine ETC Cycle. And
secondly, the model computation speed was increased quiet a lot by simplifying the
model mentioned above, while the precision was nearly not affected. Finally, the
model was download into HIL system, testing result showed the model could meet
system real-time requirement. Judging from one cylinder fuel injection cut, the model
could respond that cylinder transient performance change very well.

1 [
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SRR (P SRS T T AR AR R 1 W B TF R A 1 R A S A AE 3R CHIL)
TN E B — 3 Y. EHILRSE T, — ANk 0 R SRR R % 5T 2%
e A PEE A Al S ) 6 22 T, EEE R ) RAEHIL AR Gt AT A RO RO s AR, 33K
FRTRY PR AN R 2 5 B KRR Y S A0 e HEAT B S AR AN RE S A AR A P R SILIE RE A2
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GT-SUITE FRMIIRGARTIAE RB KK BIPLH & H B H

GT-SUITE Predictive Combustion Model in the

Application of the Natural Gas Engine Development

S B EReE
HES - IRERM AR A AT L, K& 130011

FEEL A A GT-SUITE # ik 5 B Bk i3 5 50 A 09 K AR SR A AUIEH KO TR R B AL Y | 2 3K 00 33 B
IE T AR G SR, K TR AL ETC B3R HEZCHM . MR AL R Sivh 2 94T, DOC IE AL A % WHTC 4 {3 4R
ERBRAHIT T AR ARERAYN, GT-SUITE FRMAEA f£ R K ALK ShAUBE A Hes 6 TR AG B & 20%,
) B 22 R B AL G AL 3T B AL B AR R R AR AL T i LA ARAT 6 2 AT

KA R R AL, MMM, Bz H, WHTC

Abstract: The natural gas engine with fast operation functions turbulent flame predictive combustion model was
established by GT-SUITE software, the calculation precision of model is verified by the test data. The ETC cycle
emissions prediction, fuel gas system response analysis, DOC match and WHTC cold cycle calibration strategy
optimization is also studied. The results show that the natural gas engine transient emissions prediction accuracy
of GT-SUITE predictive model is within 20%, at the same time in engine after treatment matching and calibration
strategy optimization has the very good application prospect.

Key words: Natural gas engine; Predictive combustion model; Fast running; WHTC

1HIH

W REIR I H 2 A B AN HEEE AL ks, RIR T — R B AR SO 5K [ N A R BT M
(R Fe A, B AR AR AR BB 5 HE SO S B = 4k CFD ¥k, =4k CFD #FiH S g A
HAE TR A LI, MRSWUBFAL LI E vt T SRS TOUEE RO 22 SRS, O T iR
SRBIHUBES T TAEREE, ASCRA GT-SUITE —4EHHH 8L T RIS RSN BER AL, I
ETC FEAHPIM . #R RGN M DOC VLHAC LA WHTC ¥ AR3AR € S YA IX LA T3 T AN
Wt.

2 THREER

2.1 BLFER

GT-SUITE 3t K GRS T SR U X AR e T8 25 40 R R BS 2 JOR L KL B e K IN ZL E/S
WIZEN . RRE MR BT R IO SEM . B TR B SRR SRS TBGHAGT R, KOHART R (R IR 35 W o I
BRBETCR R A RN T

dMeldt=p ,*Ac* (Sr+S.) (1)
dMy/dt= (Me-My) /o (2)
=\ Sy (3)
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AP Me AARBEE A R; t AR p WRRIBESSER; Ae NAKJARTEILLEWER: Stl
T KIEIRBEEE s SUAE M AKIGIRPEE S ; My NORIR &SR « ANREEG A AR EK

DOC 1h2 5 AR R A AT S S 5 24 R B PR 4 S ST, 4425 S ST 56 AR % 1E 1) Arrhenius 27,
AL $ 7 R F/N W

R = A*T**exp(-Ea/T)*{conc}*f(Gi) (4

AP RAEERNGE R A NIRRT T T ASAARSEERNRE; b AIRERREG Ea AiGfikag: {conc}
NI SEDIRE s F(Gi) I ER AL
2.2 HRIER ST

R 1 AFFHRIRTKEN S DOC HeAZSH, K 14 GT-SUITE FA 52 RN RBIILI —4E# )
VR R, BAVEE T RS AL, DOC By, #EEIRAAT PID Sffilgibh. AN
B R BN R A A DS S5 Map,  f1 Lambda., &k, #ESE S (MAP). S8R J7. 1T 5uger
Frtk %, 2 Jy Lambda A1k map. i ABABERS R A it K SRS, (L P B TR S8 R R A B T T A 4
TS B BE T P-4t R A BEIR SR AT . A TSR Ene B, AEQRIUE R /2R . BETH e A AN 78 R Rkok
AAERIZAE T, SR R B AUl AT TR, A SR o B 4R S A )
BICRN, AITHE A SR I TR, R R B K B AR Y T RPN TR CPU
I A] SR LRI ) 30xRT(Real time) 4 #5 %5 6xRT .

x 1 R DOC S

REMWSHL DOC %
He& L 125 WARER (L) 9.9
Wi S BAAMEL () EHEA
WE R (r/min) 1900 MIEE (cpsi) 400
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— R DOC #ibl = = il il

I '
=] : | |
T %\; . i
(a) lambda map (b) miKf map
Kl 1 GT-SUITE Tl 557 K 2 RBIHUE A map

2. 3 AR IE

N TAREITERR, MFaZ a5 I & K EEE Pk 52 N Tald, WA 3. X TS EARE R T RS
HLRER 4y TAEIX IR, A7 B8 78 40 1 S WL R S H LI AR S8 AT Tl . W 4 NS Tl 50 45 1
SF b, FHAE R R S AR ZEE 5% LN 5 BR%6S 0y MBS0 8RS 345 1] MFB10-90 i 515 25 43 BI7E 2.5°
CAFI3° CALL; NOX HE it 1% Z 78 /N T 200ppm, HC 5115 22 /N T~ 400ppm. & 5. & 6 43 5i] 9 1200r/min
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Pl 6 1900r/min [l 25 HH A Wi S AL 1
3TFHESER
3.1 ETC WRfEHHE Fi
Bl 7 Jy ETC HAMBETTEA R, B AR Lo AR (AT R Z R LA, ot TOUBREs Fe il 5 HE T
HAERSIREYEELF. £ 2 8 ETC HH8GHA SR, NOx. HC HLHERGHHAR Z 4038 18.4%. 13.8%, BSFC itHi%%EN
0.2%. HEBOHERZESRIEE WA, — RS ERZE, ZRBSERIUHR TR AR Lambda A1 5 K AIBIERE .
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RARZ R SHURS R Gemi B B 18 B2 vk € T WA T Lambda BRBETE (IFIR, RS ARG, &L
PR A IS MO AR IS LT, B R TR I 2. 32 3 O ETC JEIR T, BR/SZR e 7 I [A] ot
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ik 0.1%, Tfime SZES (350 20ms, NOx. HC ELHER 7138 0 5.4%. 3.3%, BSFC 34/ 0.1%, KRIRSKS)
MU 2R G B [ HEFBG IR, % BSFC MR/

# 3 MRRGIPLTHER

M BB 8] (ms) 30 10 50

NOXx (%) 100.0 97.0 105.4

HC (%) 100.0 97.0 103.3

BSFC (%) 100.0 99.9 100.1
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KFE VBRI, HC (90%LL EA CH4A) NiliEid DOC Atk . K 8 MR G ALHE | IR At AR 56 H i 4
AR =Fh DOC J7 AR R th 4, e AT EAIRFE 43 7] DOC 1/DOC 2/DOC 3: 320° C/350° C
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HC e . A EI, B IR 7 YR L AR 25 K A T R B HE R RS, 400 DOC kit ], 427+
HC #:ALRCR . M WHTC AR ERI , 44 /K RS I A T BB RL N, 152 /K IR 51 85° C I ] 800s,
12 K IR T P BE T IELRE OB, % R KR R B T B, DOC e 78 2, bR AL img . 28
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KT, % 4 A0 g5 B9, fifb)s DOC AR S5
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K] 10 WHTC A5 45 31
R4 BRI R

eyt St At
DOC i&/%iA%] 350° CHf (s) 370 250
NOXx (%) 100.0 100.7
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XU R Fe AR 3 AR B AL RE KR 20

INFLUENCE ANALYSIS OF ENGINE PERFORMANCE WITH TWIN
SCROLL TURBOCHARGER

F gt

1, FEEARERGBERATEART . KIWLER. FHREKET DA
1063 5. MR%: 130000

[HE]

5t [ 53O AR AR J ) PR ) SRR ™, il A sh LN R S (17
PR, R BHHL/ANEAL JE A P RE AT IE A RE R N H Z . XU IE
Jie 25 AH EEFLIRUIE I T g, ) DA S 1 250 S S U o A (R I 5 R sh L A&
VERE. ASCEH—4ER T 75200 M TR PR 0 A XU TE G e 28 06 A S LTE RE 52
Wi o Bk 1 SHHLR H OGHLTE 1 I 45 Ja X6 30 73 P REATT R K 25035

ABSTRACT

Downsizing tendency of gasoline engine is more obviously with more strictter
for fuel and emission limit. But low-end performance and transient performance is
more difficulty to achieve target value. Twin scroll turbocharger can improve low-end
performance and transient performance of engine compare to single scroll
turbocharger. We influence of engine performance with twin scroll turbocharger using
1D thermodynamics software. And validate theperformance improvement with twin

scroll turbocharger.

ES::35D
XY s O, BRES. TR
KEYWORDS

Twin-Scroll turbocharger. Thermodynamics. Transient. Performance
1.
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KGR IE i F 08 4% J5 AT PARE S K sh L& LR R HE T30, A R
AR R IR SR, s K URSG R . RSN, XGRIE i
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B 2.1 WUREIE ipa FE 19 1 2 254 7 i
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21; C B RRAE — MRIE LR, £ 55— ME N R E R RS .
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K] 2.2 XU I Fe S RS 7~ =

ST RUAE I R ARSI A AR B, R T A OO T G B 4 A R
IR, BRI Z B A R AR 30 MAP [T VAR e 8 . a0
T 23 FR, HA—A MAP AR, HAli > MAP 2 vr—1
ANFHRN, A= P ANOARVFRA, ATUEH, A DFRE N O E
12 %E%.

expansion o p3/pd

B 2.3 XIE R MAP /R K
3. AP EMRHIEESH

MFAR I FE R EZ RS H 3R 3.1 .

K31 RIWFEESH

REPLESH
it (mm) | 76.5
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MR (mm) 86.9
HE (L) 1.598
AR 4
KK 1-3-4-2
JE 45 bt 10
PRI bR RON 93
PERE H b
BIE TR (KW r/min) 125/5500
B RHHE (N m/ r/min) 270/1600~4350
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FHHAE (Nm /L) 168
HBOK KR VI

4. WFIEN BRI R E

N T A UL G s 75 1At R S ALl 73 1 i O 1 e B D g v ) e I
PRBLHIK, A BT A 48 i SLRTE 3G e 4% 1 0 FUBCE. 1 SRR e A, e
AMmFC RN R R AN B, IR S N RAAUEIE, WK 4.1 FR.

P 4.1 BUIE i e 1 HAR R R e ]

MRYEHE %) R OISR, R SRR 3 5Kk MAP $ifE,

WK 4.2 s
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K 4.2 iR % MAP A\ RXon = B

WAL RBE REZ MR A DR mE. B MFR (Mass
Flow Ratio) =Myeg1/(Mreq.1+Mrea2), 1 4.3 fion. MANDEICAZ 1B, AH
A R SR, R, SEF= AN BN E ks & S8 O &
TIA, 22 SECE KM R, 5 5 i eI i oo i = & R 0k S8
W, FERE RN DR A

M,, M,

05 0 2 Log(p/p)
Pl 4.3 BN 1T I RO R

TSR e ) A — AN I 0 A ST B R ) R G IR RS TR L R IR,
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ANEOE A, 2 MFR=0 8¢ 1 i, FRRNENORIPRE: 3 MFR KT 1
HE/NT O, RARNE RTINS,

%MFR—D.S

= @Wﬂwon %‘ MFR <0 or > 1
s=—1 =

%MFR=U-UEWU.S-1

o

WA Oan BAOREN R
K 4.4 B NOSCIRE S MFR BUE R RZn =K

5. MIHEBHIZER
5. 1 /MRS AESR

N T BB H DA WA A I AR X R S R G, AR AL R
AR [ — 55 [ 5.1 SR F Bl A SR W e (1 M R A7 B8 S0
e, MERRTLLE HY, Al F BUE TE s 50 19 Ho dF GB16TD A zh 4L 1000 r/min ik
FFMERECE 13.3%: s KFHHE A BRAKFL 1 A 1500 r/min £ %2 1300 r/min.
Torque

Toraue [MN-m)

-+ CA4GB16TD SingleScrol
= CA4GB16TD TwinScrol

1000 2000 3000 4000 5000 6000
Engine Speed [RPM)
K] 5.1 SRR RS A 45 50T LE 1
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5. 2 BESIEMN HE R

T3 PR AR WEAS 7 FLrp, R IIBUIEIE iR 6 Xt IR S AL 45 0 3 6 70 5 1) o1
Wk, AT CRATEAR [F] ) SRR T R DU T 3 P 3% 1 %4 2 B . 1B 5.2 Jy 2000 r/min L
BUR BRI 45 5ok e, 81 5.3 9 1500 rimin T8 T AR SN 45 Ext b . M
BT DL, SR IE R A 1S 45 /5, 2000 r/min L3 T 50%~90%f K4
TR gy (7] Ay 1.38s, AH ECBLIRIE G He #5425 8%; 1500 r/min L T 50%~90%
e KU B NS (6] 4y 2.08s, AR EL ST 3 1R 2842 7 18% .

= CA4GB16TD SingleScrol
- CA4GE16TD TwinScrol

'_2_ R TR S o R ooy O
: 1.38 s :
— " :
8.0 85 9.0 9.5 10.0 10.5
Time [5]
K] 5.2 2000 r/min T30 B2 i 25 R0t e
1500 rfmin

: |=CA4GB16TD SingleScrol
: |—CA4GB16TD TwinScrol

" "
------------------ #ea e s TTTTTT ST RPN NA RN NN PN A P T s L Al CER L L L

Torque

: |5 2.08 s :
—
B.0 8.5 9.0 9.5 10.0 10.5 11.0 11.5 12.0
Time [s]

K 5.3 1500 r/min L BEAs i g5 B X7 b
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[1] Dr. Markus Muller etc.. The Msymmetric Twin Scroll Turbine For Exhaust Gas
Turbochargers[J]. ASME Turbo Expo 2008 GT2008-50614, 2008.

[2] 232 ARG R BB RESRAF SR [M]. B 5T AE5RTEE RS2 i ek, 2011.
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L EE R RA T BA L, KAWL, K4, 130011

3R ZE Lot id 70 B 78 =R b e 4 T 4 1) AR SR B LR R P S 4 ) P SR b 2
W, ASCEESL T 3T BT KRR i A G s AR Y o 2R AR AR AR 1 Y 4
Fi P52 BOFRSESR AT v e Js PRI 0 DA S AHERT B2 7 7 WP BRI E o 24 R i 4
AR TECTIR P IT 5 A BRI 15 DL, I H AT e A Sh Lt IR
[c8iA ] MR, HUmambe g s as, WA IR M, #HURE

Study of the Characteristics of Wastegate of Turbocharger Based
on Physical Model

Lei Wang' ; YanBin Shi*

1. China FAW Co.Ltd R&D Center, Engine Dept., ChangChun, 130011
ABSTRACT -A physical model of turbocharger with Wastegate was built using
parameters from turbocharger manufacturers with analyzing operating principle of
wastegate turbocharger. The degree of opening of wastegate was determined
according to the thrust regulator diaphragm of wastegate suffered spring force, the
high pressure chamber and the push rod tension. The model was able to capture
fluctuation of the degree of opening of wastegate in engine cycle, and could
accurately predict the state of the engine intake.

KEYWORDS —Physical Model, Turbocharger with Wastegate, Degree of opening of
Wastegate, Intake State
1 féifr
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GT-SUILTE 7E R ShHLIEME R Gt veit + HIR A
GT-SUITE Application in Lubrication system
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XA MR R A, MR, BARER, FEAHHHE, GT-SUITE

Abstract: Oil pressure on engine A and B were lower than target, in order to find the way of
increasing oil pressure, lubrication system optimization was done by GT-SUITE. On
derivative engine C, Use GT-SUITE did some calculation to define some lubrication system
parameter or design.

Key words: Lubrication System, Oil Pump, Bearing Clearance, Piston Cooling Jet (PCJ),
GT-SUITE
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Genetic Algorithm Optimization Applied to the Fuel Supply
Parameters of Diesel Engines Working at Plateau

Zhenxia Zhu', Fujun Zhang', Changjiang Li', Taotao Wi, Kai Han',
Jianguo Lv’, Yunlong Li°, Xuelian Xiao®
1. School of Mechanical Engineering, Beijing Institute of Technology, Beijing, China
2. Mechanical and Aerospace Engineering Department, University of Virginia, Charlottesville, VA, US
3. China North Vehicle Research Institute, Beijing, China

Abstract: In order to enhance the power performance for the diesel engines working at plateau, the
method to adjust fuel injecting parameters had been adopted. However, the diesel engine is considered
as a complicated nonlinear multiple-inputs and multi-boundary system. Hence, it is difficult to find out
the appropriate value for fuel injecting parameters for all conditions, this is the reason why we study the
Genetic Algorithm method for optimization. Firstly, the numerical model of a turbocharged diesel
engine with the predictable combustion model was established and then verified by experimental data.
Base on the engine model, the relation between injecting parameters and performance was studied.
Secondly, the optimization model is constructed, including the objective and the boundary conditions
with a novel parameter introduced, measuring the surge margin of the operating points. Then, the
Fitness function is proposed employing penalty functions to express constraints. Based on the impact of
injecting parameters on constraint conditions, the method was put forward about how to choose the
penalty parameter values, named “Fitness Equal to Zero at the Worst Point”. In order to explain this
method, 4500m rated operation point was illustrated and 4 schemes with different plenty values were
compared. After the comparison of the population distributions and the optimizing processes, the
Scheme 1II is proofed to be accurate and efficient, which adopted the plenty value chosen method
(Fitness (w)=0). Finally, this GA model was used for the fuel supply parameters optimization of full-
load operation at 4500m altitude. The result demonstrates that the rated engine power is enhanced by
22.7% and the fuel consumption reduces by 6.4%.

KEYWORDS: GA (genetic algorithm), penalty parameters, diesel engine, power recovery at plateau.

Nomenclature
0-D zero dimensional
BTDC before dead center
CA crank angle
EUP electric unit pump
GA genetic algorithms
h degree of violation against constraint
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HRL heat release law

K penalty parameter

NN neural network

n; speed of turbocharger
Pnex peak in-cylinder pressure

RoHR rate of heat release

T; turbine inlet temperature
Ts trend of surge

1. Introduction

At the plateau environment, the diesel engine performances deteriorate in the aspects of power,
economy and emission. What’s worse, the trend of surge, over-speed and overheating will reduce the
reliability of the turbocharger. Relevant research shows that it is effective to adjust the fuel supply
parameters for the performance improvement at high altitude.

Reference [1] pointed out that appropriately earlier injection timing can improve the efficiency and to
reduce the T; (turbine inlet temperature), while adjusting the injected fuel amount could partly recovery

the power. However, too early injection leads to a too high p,,,. (peak pressure in-cylinder) and power

loss at compression stroke, while the too much injected fuel would result in over-speed or overheat for
turbines.

The experimental data from Reference [2] revealed the fact that the combustion duration of diesel
engine will extend and the pressure in-cylinder will drops at high altitude. Liu et.al ! had got the
optimum fuel supply parameters of a common rail diesel engine by experimental calibration at different
elevations. Through massive test data, they come to a conclusion: the best advance angle at most speed
should be increased at higher altitudes, but the trend does not apply to low engine speed situation.
Besides, Xu from Jiangsu University has studied the effect of advance angle at highland and their result
proves it is potential to adjust fuel supply for power improvement 4,

As the engine model is considered to be complicated, nonlinear and discontinuous, the traditional
methods are not capable for the optimization of fuel supply parameters . As a common optimization
method, GA (genetic algorithm) has a widely use in engineering. Based on the idea of natural selection,
it features the “survival of fittest” strategy to search for the optimal solution . At the aspects of ICEs
(internal combustion engine), the GA method has been applied in modeling, structure design, and
calibration for operation parameters.

At the aspects of GA applications for modeling, Alonso ! has emg)loyed the GA and ANN (artificial
neural networks) for prediction of engine emissions, while Togun ! has established a GA model to
predict the toque and BSFC for a gasoline engine based on experimental data. In Reference [9], a GA
based method has been developed to estimate the instantaneous pressure in cylinders. Some parameters
associated with a pressure curve are optimized from two validated sub-models which reproduce the
engine behavior via GA.

At the aspects of GA applications for design, Donateo et.al ') has studied the design method to take
use of empirical based models and CFD (computational fluid dynamics) simulations together. The
structure parameters of the chamber in database differ for shape of the bowl, compression ratio, the
offset of the bowl and the size. It is impossible to simulation all the possible combinations of geometric
and control parameters in a feasible computational time, so GA is chosen for its robustness and multi-
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objective optimization capability. Fang ') has investigated the design parameters and the performance
variable interactions for a VGS (variable geometry spray) fuel injector by CFD software. Based on the
results, multi-objective genetic algorithm was taken to find out the best combination of actuator stroke
and spray angle.

At the aspects of GA applications for calibration, Dempsey et al. [ studied the effects of swirl ratio,
injection parameters and EGR rate on the combustion for a heavy-duty diesel engine. After that, with the
help of GA, they found out the best parameters values for mid and high loads operation. Li ! had taken
the GA method to optimize the SOI (start of injection timing) and EGR (exhaust gas recirculation) rate
of a RCCI (reactivity controlled compression ignition) engine. Reference !*! had applied penalty
functions to GA optimization for an Atkinson engine, which is considered as a practical method to
express the constraints. In such a GA model, the optimization results greatly rely on the selection of
penalty parameters values: Inappropriate penalty values will reduce the efficiency, or even worse, cause
the failure of optimization.

In this paper, the simulation model for diesel engine had been established and validated, based on
which the influence of fuel supply parameters was discussed. Then, the boundaries, the fitness and the
penalty functions of the GA model were defined. In the GA model, S was proposed to measure the
operation surge trend, and the principle to choose the values for penalty parameters was put forward.
Finally, the GA model and the engine simulation model were combined for optimizing the fuel supply
parameters at 4500m altitude environment.

2. Simulation Model and Parameters Study

2.1.  Numerical Models Establishment

This study selected the turbocharged intercooled BF6M1015 diesel engine for investigation, which is
manufactured by DEUTZ AG with 6 cylinders in V type and a mechanical diesel pump. Some
specifications of the engine are shown in Table 1.

Table 1. Specifications of the V6 engine

Parameter value
Number of cylinders 6
Displaced volume 119 L
Bore 132 mm
Stroke 145 mm
Compression ratio 17:1
Rating power at plain 330 kW @2100 r/min
Maximum torque 1980@1300r/min
Maximum allowable P 160bar
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Maximum allowable 1, 750 €

As the combustion prediction is complicated and important in the engine simulation, the 0-D
Predictive combustion model based on NN (neural network) was employed !'*.

Step1, the RoHR (rate of heat release) was obtained via thermodynamic calculation from in-cylinder
pressure. Step2, The Three-Wiebe function model "> was adopted to describe the RoHR and the values
of model parameters were obtained via Levenberg-Marquardt fitting. Step 3, NN is trained by
experimental data to find out the relations between operating conditions and parameters of combustion
model " As this model was established for injecting parameters optimization, five factors had been
chosen for NN training after the study of the influence of operation factors on the combustion process,
which are the outlet air temperature of intercooler, the outlet air pressure of intercooler, the injection
mass, the injection timing and engine speed.

In-cylinder Pressure

l@ Calculation

RoHR

l@ Fitting

Parameters of Combustion
Model /
l@ Training NN

Relation between Conditions
and Combustion Parameters

Figure 1. Procedures to establish the 0-D Predictable Combustion Model

Based on thermal theories and engine specifications, the left sub-models of the engine were
established, such as the turbocharger, the crankcase, intake and exhaust pipes, and etc.

2.2. Verification of Model

The plateau performance tests of the V6 engine were conducted on environment-stimulating bench,
thus plenty of experimental data were obtained to train NN and to validate the simulation models.

Figure 2 illustrates the RoHR and HRL obtained from predication and experiment of 1700r/min at
3500m altitude with 142.5mg/cycle/cylinder injected. From the comparison, it can be perceived that the
prediction and experiment curves fit well respectively, which means the 0-D Predictive Model is capable
for combustion simulation.
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Figure 2. Comparison of RoHR and HRL between prediction and experiment

The Figure 3 displays the BSFC (Brake Specific Fuel Consumption) and toque comparison between
experiment and simulation of full-load operations at 4500m altitude. The relative error of
BSFC@1000r/min is 3.95%, taking the largest value of all. Because the injected fuel masses of
simulation were the same as the experimental, the BSFC errors are caused by the torque inaccuracy. The
difference of simulated and experimental toque @1000r/min are 29.7Nm, which is not a quite obvious
value, however, the torque @1000/min is only 755N m, taking the least value of all speeds. The
minimum absolute value magnified the relative error, that’s why the BSFC@1000r/min seems so
notable. After all, as the errors of these two groups are less than 5%, the engine simulation model is
considered to be accurate enough.
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Figure 3 Comparison of Torque and BSFC between simulation and experiment
2.3. Influence of injecting parameters

It 1s obvious that more fuel injected means more energy added into the system, thus the power, n;
(speed of turbine), T; and p,, Wwill increase monotonically. While, the effect of increasing the advance
angle is shown in Figure4, at the operating point of 2100r/min, 140mg/cycle/cylinder, 4500m altitude.
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Figure 4. the influence of injection angle

With an earlier injection timing, p,, increases, T; and n; decrease at the rate of 4.2°C/°CA and

1251r/min/°CA respectively. In addition, the power rises during S°CA BTDC to 23°CA BTDC and then
declines at the 23°CA BTDC to 29°CA BTDC range.
As the injection advanced, the combustion process moved forward, which leaded to an energy

reduction of exhaust gas, thus the T, and n, dropped. Because the timing of peak in-cylinder pressure
got closer to TDC, the p,,, rise at the rate of 2.3bar/°CA. Simultaneously, the thermal efficiency had

been enhanced at the beginning; however, over advanced injection angle will lead to more power
consumption at compression stroke, that’s why the power decreased then.
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Figure 5. The influence of fuel supply parameters on the compressor Map

Based on the simulation model, the impacts of injection mass and the injection timing on point
location at the compress Map are investigated. Figure5S illustrates the situation of 1200r/min and
1400r/min at 4500m altitude. Because of the plateau environment conditions, the Correct Mass Flow is
taken as the X axis. With the increase of injected fuel, the pressure ratio and air mass rise, and the
operating point moves closer to the surge line. On the other hand, with the increase of injection angle,
the pressure ratio and air mass decrease, and the operating point moves away from the surge line. As
discussed above, the additional fuel provides more energy to the exhaust gas, while the advanced
injection timing would reduce it.

3. Genetic Algorithm Model

Based on the fuel impact laws and related references, it is penitential to adjust the fuel injection
parameters for power improvement at plateaus. But the characteristic indexes are different at vary
operation conditions, and the injection parameters has interact impacts over each other, which makes it
difficult to find out the appropriate injection values. As the GA optimization is a powerful tools for this
situation, that’s why we adopt it.

Generally, the GA optimization process includes three main parts: selection, crossover and mutation.
The selection process is regarded as the “natural selection law” in the genetic processes, expressing the
optimization targets through the Fitness function. A Fitness function should be designed according to
the feature of specific objects, so generally there is no such a Fitness function for common use. What’s
more, as the Reference !'”! mentioned, an appropriate Fitness function is critical to ensure the GA
running correctly and effectively, which should take the factors of optimization objectives, boundaries
and the related penalty into account.

3.1. Boundaries

The solution space is divided into feasible region and unfeasible region according to whether the
inside points can satisfy the constraints, as shown in Figure6. The points B and D are located in the
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unfeasible region, while A and C lie in the feasible region surrounded by boundaries, and A is the
optimal solution.

Although B is an unfeasible solution, the distance of AB is shorter than the distance AC, which means
that B contains more information about the optimal solution. In other words, B is more important in the
genetic processes. Compared with D, B stands farther from the boundaries, but much closer to A, which
indicates that to search the region nearby B is more likely to find A. Thus, B should survive over C and
D. After all, which point can be retained to the next generations depends on the value its Fitness
function value.

Optimal solution
AA

Boundaries

Feasible Region

Unfeasible Region

Figure 6. Schematic of solution space

Before the Fitness function is constructed, the boundaries should be defined in advance . As for this
simulating optimization, the reliability boundaries are defined as: T, <720°C,

n. <10,000r/min, p,.,,, <145bar, no surge.
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Figure 7. The interpretation for parameter TS
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The surge margin can be qualitatively described on the compressor Map, but it is difficult to express it
in mathematics. Therefore, the parameter TS (Trend of Surge) is proposed to measure the surge trend.
As in Figure7, the line OQ is approximate 5% mass flow margin away from the surge line, and O is the
intersection point of X axis and OQ. The parameter Ts of operating point P is defined as the slope of OP:

r, — pr,
TSp — p P p (6] (1)
m, —m,

In this research, the coordinates of O is (0.05, 1), and the slope of OQ is 6.05, which is defined as the

limited value. In other words, if the Ts value of operating point P exceeds 6.05,Ts, >6.05, the P is

considered to surge. As the Ts decreases, the operating point moves away from the surge line.

3.2.  Fitting Functions

In this research, the goal of optimization is to find out the optimal values of injection mass and
injection angle for operating points, which can achieve the maximum engine power and meanwhile keep
the T;,N;, P, and Ts in their tolerated scope. To reflect the constraints, the static penalty functions
were employed, and the magnitude of punishment depends on the violation degree against boundaries.
The definition of violation degree 4 is as follow

h, (X) = P (X) /1451 )
h (X) =T;(x)/ 720-1 3)
h, (x) = n;(x) /100,000 -1 (4)
h(X) =Ts(x)/6.05-1 (5)

Where, h is the assessment of the violation degree, and x is a two-dimensional vector representing the
optimized parameters, whose sub-vectors are x; and X,, corresponding to the fuel injection advance
angle and injection mass respectively. In Eq. (2)~(5),the degree of the four violating behaviors could be
uniformly expressed by h via normalizing. As in Eq. (6), the Fitness function indicates the probability
of the individuals to survive.

Fitness(x) = P(x) — >_K; xmax(h, (x), 0) (6)
Where, P(X) represents the engine power, and K is the penalty parameter. If an indicator exceeds its
constraint, the corresponding h(x) will rise over 0, resulting in Fitness(x) < P(X) , it is the very

mechanism how the penalty function works. The greater Fitness indicates the individual adapt the
surviving rules better, and its genes are more probable to be retained to the next generation. As
Fitness <0 situation make no sense in this work, it’s better to design a non-negative Fitness with
continuous gradient.

According to the discussion at 2.3, the T;,n; and Ts are dependent on the energy of exhaust gas,

hence, all the three parameters are categorized to EEPs(Exhaust Energy related Parameter). Obviously,
any EEPs exceeding the boundary means the exhaust energy is too rich. For example, the over-speed and
over-temperature of the turbines at the rated operation condition could be attributed to overmuch
exhaust energy, and the problems could be solved by decreasing the injection mass. As EEPs have
monotonic relations both with x; and x,, only the EEP with the most severe violation need to be
punished. In this way, the behaviors of violating EEPs constraints suffers corresponding punishment and
the Fitness function got less piecewise, which is good for the efficiency of optimization. Therefore, the
h: and the Fitness functions were varied to Eq.(7) and Eq.(8).
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he = max(h (), h, (), h, (X)) (7)
Fitness(x) = P(x) — K, xmax(h, (), 0) — K¢ x max(hg (), 0) (8)
3.3. Plenty parameters

As can be seen from Eq. (7) and (8), the values of K and Kgare of great significance on the Fitness

functions. On one hand, too small K results in a mild punishment, as a consequence, the unfeasible
solutions would be dominant in the subsequent populations, causing the final solution converged into
the unfeasible region. On the other hand, too large K will lead to the abandoning the useful information
of the unfeasible solutions, which will reduce search efficiency. Therefore, it is necessary to study the
principle of K value’s selection.

The sensitivities of Power, p.,, , EEPs are different to injection mass and injection timing, and the
value ranges of x will affect the influence degree. In order to fairly restrict x; and x; and to reduce the
impact of x value ranges, a method how to determine the K value was put forward, which is called
“Fitness Equal to Zero at the Worst Point”(Fitness(w)=0). Known from the impact law of x on engine
performance, the objective function(Power) is not monotonous to x , however, the p,. and EEPs are
monotonous to X, based on which we could find out the two points violating constraints most severely,
where the most strictly plenty should be imposed, that is to make the Fitness equal to zero.

At a specific operating condition, the practicable value range of x is expressed as X, €[X X

1,min? 1,max] ’

X, €[X; min» Xomax ] - According to the parameter relations, the highest value of p,,, appears at the point
M(X; o s X, max JWith the earliest injection timing and most injected fuel amount, and the maximum EEPs

will be achieved at the point N( X )with the latest injection timing and most injected fuel

1,min » X2,max
amount. In order to make sure the most severe violation subject to the most serious punishment, the
Fitness at M and N are imposed to zero as in the Eq.(9):
Fitness(M) =0 5
Fitness(N) =0 ©)
Generally, the p,,, and EEPs could reach their boundary values inside the practicable x value range,
so Eq.(9) can be expressed as Eq.(10):
P(M) - K h, (M) - K¢ max(h;(M),0) =0
P(N) - K, max(h,(N),0) - K¢he (N) =0
Eq.(11) is the solution to Eq.(10):

(10)

__ P(M)h.(N) - P(N) max(h (M), 0)
" h,(M)hg (N) —max(hg (M), 0) max(h,,(N),0) an

_ P(N)h, (M) —P(M)max(h,(N),0)

E
h, (M)h, (N) —max(h, (M),0) max(h, (B), 0)

The purpose of the principle above is to punish the unfeasible solutions far away from the boundaries
and simultaneously to keep the nearby unfeasible points. As thus, the Fitness function is of continuous
gradient, and at the subsequent generations the balance will achieved between feasible and unfeasible

solutions, which is beneficial for finding the optimal solution. This method would be illustrated by an
example as follow:
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At 4500m altitude and 2100r/min, the x range is chosen as: x;~[5°CA BTDC, 25°CA BTDC],
xo~[145mg , 185mg], and the simulation results of M and N points are as in Table 2.

Table 2. The simulation results of ultimate conditions

M N
Injecting angle/ <CTA BTDC 25 5
Injection mass 185 185
Power/ kW 328 290
Pmax/ bar 158 94
T+ T 714 799
ne/r mint 102,444 106,053
Ts 3.97 4.03

To explain the influence of K on the individuals’ distribution, four schemes were designed as in
Table3. It is worth mentioning that the values of Scheme II, K, = 2721 and K; =3622, are calculated

from Eq.(11).

Table 3. Four schemes of different K

Scheme K, Ke
| 2721 1000

Il 2721 3622

11 2721 5000
v 500 3622

Firstly, the critical fuel amount is obtained via the method: at the constant injection timing, increase
the injection fuel mass gradually until any parameter encounters its constraint. Secondly, the boundary
between feasible and unfeasible region is obtained by connecting critical fuel amounts at different
injection angles together. As in Figure 8, in the 17 © CA BTDC~23 ° CA BTDC range, the critical mass
is mainly restricted by EEPs, so the boundary rises with the increase of advanced angle. Within 23°CA
BTDC~25°CA BTDC range, the p,,, becomes the restriction for critical fuel amount, thus the boundary

goes downward. By calculating plenty points at large scale of the x value region, the optimal solution is
found at the S region near (22.5°CA BTDC, 162mg).
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Figure 8. The individuals distribution of the four schemes at the10th generation

Figure8 illustrates the distribution of individuals at the 25 generation. In Scheme I, only two points
lie in the feasible region, while others lie in R, and all points are out of S. In the Scheme II individuals
are located within or near R, and the numbers of feasible and unfeasible are approximately equal. In the
Scheme II, except one point standing at the border, most individuals are situated inside the feasible
region. In the scheme IV, about 2/5 individuals were located in T of the unfeasible region, and most of
the others lie near the optimal solution.

From Table 3, Kpof Scheme I, II, IIT are the same, but K. are different. For the K of Scheme I is

only 1000, the penalty to the overrun of EEPs is insufficient. As the result, most individuals distribute in
the unfeasible region R, which is obviously adverse for optimization.

On the contrary, Scheme III imposes excessive punishment on the overrun of EEPs by adopting 5000
as the value of K. Consequently, the points all stand in the feasible region, but no one is in or near S,

indicating that it is not advisable to discard all the unfeasible solution.
The K¢ of Scheme IT and IV are the same, but K are different. The K of Scheme IV is too small to

give enough penalty against the p,, overrun. Therefore, part of the individuals are distributed in T,

which will reduce the search frequency in S. Judged from the distributions on the x value region, the
Scheme II is considered to be a decent scheme.

The calculated engine power during optimization process of the four schemes is illustrated in Figure 9.
The power of Scheme I reached 281.2kW at the 14™ generation, while Scheme III and Scheme IV
achieved 283kW and 286.6kW at 9" and 13™ generation respectively. Best of all, the Scheme II obtained
the optimal power 288.7kW at g generation.
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Figure 9. The calculation process of the four schemes

With a loose constraint, Scheme I had searched the whole x value region in a large scale; while III
searched the feasible regions but far away from S because of an excessive penalty. Although Scheme IV
can find out the relative satisfying solution finally, the efficiency is reduced by the search work at T. In
all, not only can Scheme II find out the most optimal solution of the four, but also it shows the highest
efficiency(8"™ generation). From the discussion, we can draw a conclusion that the scheme II’s K values
which are acquired via the selection principle proposed in the paper are appropriate.

3.4. Realization of the optimizing model

If the calculation results meet the conditions in Eq.(12) in 20 consecutive generations, this GA
optimization are considered to be converged:

Fitness | —Fitness | |
- <0.5%
Fitness , |

Xl,j _Xl,j~1

<0.5% 12
! ; (12)

1,j-1
X2,j_x2,j—l

X

<0.5%

2,j-1

Where, the subscript j stands for the generation of GA.
Finally, the GA optimization is carried out on the GT-MATLAB software platform, and the data
transfer relation is shown in Figure 10.
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Figure 10. Running on the GT-MATLAB software platform

The program of GA model is realized in MATLAB with the population size of 20, the crossover
proportion of 98%, mutation rate of 1%. And the produced individuals (injection mass and injection
angle) are transmitted into GT-SUITE, where the engine numerical model is running and feed the
simulation results of every individual back, such as the power, p,., and EEPs.

Once the results arrived at MATLAB, the fitness should be calculated to judge whether the
optimization is converged, if not, the genetic processes will continue in the GA model, including
selection, crossover and mutation. Then, the population of the new generation is produced, which will
be sent to the simulation model in GT-SUITE. All these process will go on until the convergence
condition is met.

4. Discussion of the optimized results

Based on the GT-MATLAB platform, we performed the GA optimization of fuel supply parameters of
the diesel engine at 4500m altitude, and the results of full-load operation are shown in Table 4. Known
from Table4, all the optimal solutions were found inside the x value region and EEPs or

Prax approached their limits, indicating the set of x region is reasonable.

At engine speed of 1000r/min, the TS has reached its limits, while the EEPs still kept some distance

from the borders. At the 1300 ~2100r/min range, the n; and p,,, reached their limits at the same time,

besides, the operating point at 1300r/min was close to the surge boundary.

Table 4. The optimization results at 4500m

Engine speed/ r min™ 1000 1300 1500 1700 1900 2100
Injecting angle/ <TTA BTDC 15.7 15.2 17.2 18.9 19.7 22.6
Injection mass/ mg 129.1 209.1 202.2 189.4 170.0 161.5
Power/ kW 107.2 245.1 272.9 286.3 283.3 288.6

Prmasd DAr 97 145 145 145 144 145
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T/ < 65,715 97,759 99,611 100,002 99,821 99,994
n¢/ r-min’ 639.5 682.5 682.9 674.9 655.3 662.2
Ts 6.05 6.02 531 4.72 4.27 3.92

illustrates the comparison of injected parameters before and after optimization. The optimized
injection timing is substantially earlier than the original, especially 17°CA advanced @2100r/min.
Generally, the engine power and economy performance will improve with a properly earlier injection, as
in Figure4 discussed, but the constraint of p,, restricts the advanced angle into a certain range.

However, the low air pressure at plateau environment leads to the reduction of pressure in-cylinder,
which offers the possibility to inject earlier.

At the bottom half of Figurell, the optimized injection mass is 10 ~20mg more than the originals at
each speed, taking approximately 10 ~20%. Generally speaking, the inject mass should be reduced at
high altitude to avoid EEPs overrun. However, the optimized fuel strategy with an earlier injection will
decrease the exhaust energy, allowing more fuel supplied.

This V6 engine employed a mechanical diesel pump with a fixed supply angle, and the injecting delay
get longer as the increase of engine speed. Therefore, the injection timing becomes later at higher speed,
which can be found at the original advanced angle in Figurel1l. Whereas, with the increase of engine
speed, the duration angle of combustion will extend. In order to improve the thermal efficiency, the
expected injection angle should be advanced responsively, which is contrary to the original injection
timing. Hence, the optimal injecting advance angle will rise as the increase of speed, except 1000r/min
situation. Besides, the original injection mass per cycle decreases when the engine speed exceeds
1300r/min, which leads to p,,, reduction at higher speed and provides more space to adjust injection

timing.
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Figure 11. The comparison of fuel supply parameters between the optimized and the original
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An interesting phenomenon in Figure 11 is that the optimized injection timing of 1000r/min is
earlier than 1300r/min, and the result can be explained by Figure 12 and Figure 13.

Figure 12 and Figure 13 show the impact of injecting parameters on torque @1000r/min and
@1300r/min respectively. Figure 12, as the injection mass increasing or the injected advance angle
getting closer to 15<CA BTDC, the torque increasing gradually. With the constraint of Ts (thin solid
line at Figure 12), the final optimized result lie on (129.1mg, -15.7<CA).While the situation is
different at 1300r/min, more fuel and earlier injection in Figure 13 means more engine power. At Figure
13, the optimized result is shown as a black solid point, where more injection mass will lead to EEPs
exceed and earlier injecting will bring p,.,, too high.
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As the interpretation above, the desired injection advanced angle should increase with engine speed
rise. The combustion duration is relatively plenty at lower speed, hence, the 15.7<CA @1000r/min is
already quite closer to the ideal value of advanced angle without constraints. As to situations of
1300r/min and higher speeds, the optimized values are located near p,,, limited boundary, which are

different from the desired value under no-limits condition. From the comparison between Figure 12 and
Figure 13, it is clear that the optimized result @1000r/min are achieved under distinguishing conditions
from other speeds, which causes the special injection timing for 1000r/min at Figure 11.

Figure 14 demonstrates the power and BSFC of optimized values vs. original values. The
optimized power is 20 ~50kW higher than the originals, accounting for 10~30% of each speed,
including 22.7% improvement @2100r/min. There are two main reasons why power is improved are:

more energy joined working process because of more injected fuel and higher efficiency for the earlier
injection.
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Figure 14. The comparison of brake power and BSFC between the optimized and the original

From the BSFC comparison at Figure 14 bottom part, the optimized BSFC is dramatically lower than
the original at higher engine speed, especially 6.4% @2100r/min, while the reduction of BSFC is not
remarkable at lower speed range (1000 ~1300r/min).

On one hand, the advanced injection timing lead to a higher efficiency, which is benefits for reduction
of BSFC; on the other hand, more fuel injected into the cylinder means a lower A/F ratio, which is
possible to rise up the BSFC.

At lower speed, the pressure ratio of compressor is relatively lower, which results in the shortage of
intake fresh air. As a consequence, BSFC is supposedly more sensitive to the A/F ratio at lower engine
speed. Besides, the injection mass of 1300r/min is highest, which intensifies the influence of A/F ratio.
Eventually, under the opposite influence of injection timing and A/F ratio, the optimized BSFCs of 1000
~1300r/min decrease slightly.

Nonetheless, this situation is different at higher speed. As the pressure ratio increase, the influence of
A/F ratio becomes weaker than injection timing. After all, the BSFC is reduced by optimization as a
whole.

5. Conclusion and Prospect

The Fitness function of GA optimization and the principle to choose penalty parameters had been
researched. Eventually, the GA model had been applied to the fuel parameter optimization for diesel
engine working at 4500m. The major conclusions are drawn as follows:

® Tsis proposed as the parameter to measure the surge trend of operation, and the investigation

demonstrates that to reduce the fuel mass or to inject earlier is benefit for prevention compressor
surging.
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Based on the parameter influence laws, the method how to choose the penalty parameters values
of GA is put forward. What’s more, this method is proved to be efficient and accurate through the
schemes comparison.

Once adapt the GA optimization at 4500m altitude environment, the power of the diesel engine is
improved by 22.7%, and the BSFC reduced by 6.4%

For fear of obtaining an over optimistic result from the simulation, the constraint condition of GA 1is
defined more strictly than reliability requests. It is worth mentioning that the application of the
optimized fuel strategy relies on the EUP (electric unit pump) or common rail system. In order to
validate the effect of GA optimization, we are committed to upgrade the fuel supply system now.
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Simulation analysis on Engine Thermal Management
System based on COOL3D

FHE BREE WEEsE R X7 BRi
(P B 5 — IR B A R A R BR )

i E: GEASERGTERES, AHRFLESTHNESNARZERE =4k CFD 4
Hr, BREHC, MEIRTEMERS, THTREHITEVAMAET ST, S —EE, K
MIRE—MER S, BIET COOL3D &1k, BIXERLIHNAE=HRE, BEHEN
REEN GT-COOL #HEm—HREBRGRET, RFRSKEBIASREIMLIRIGTEE, B
BHERS5=4 CFD K#EHIAR, GT-COOL K—4LENARGRITELERIEIR, 125 ERB R T AR
HinFFHEE, ERIE—EBENEM EXRBERDIHERA, ATLUANARTHI S TR
BYHIXF.

XA AEIE; YIMES4IRE); COOL3D; GT-COOL; {HENH

Abstract: During traditional simulation process of thermal management system, air boundary condition
for cooling system simulation comes from 3D underhood analysis which is not suitable for early concept
underhood design because of high cost of time and model data integrity. To solve this problem, a new
analysis method was studied in this article. A quasi-3D underhood model was built based on COOL3D, this
discrete model was embedded in GT-COOL 1D thermal management system model, the underhood flow
and engine coolant outlet temperature were solved simultaneously which were closed to the simulation
results from 3D CFD and GT-COOL 1D cooling system. This method avoids the transfer of boundary
conditions between two softwares. This simulation method can greatly reduce time cost and provide
effective support for underhood concept design.

Key words: Thermal Management; Quasi 3D-Model; COOL3D; GT-COOL; Simulation Analysis
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Simulation and Optimization of Engine Cooling

System based on GT-SUITE
fOE UK TRIES
R EA R AR
¥ B ANYT GT-SUITE 0 MR RENNLA I R G Wit i IS . & 4G 5 1 5 R i B
15 B SEBAF R HBR R TR, N T B —4ER AN R G s A, THE 2 & M B 7R oK
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B ARV B RMERTE, N M RGO R R SR A R G TT R RIS %
REER: KWL AHRG: GT-SUITE: fiE 54k
Abstract : This paper introduces the application of the engine cooling system design by using GT-SUITE
simulation software. Firstly, obtained the requirements of each parts’ coolant flow by estimating system
heating, then application GT software to build 1D cooling system model, and calculate the water pump
performance to meet the needs of each parts, and propose solutions to optimize the cooling system piping
arrangement. Finally, comparing the simulated analysis results and rack test data, and verifying the
accuracy of the simulation results, to provide a theoretical reference for the cooling system retrofit and new
engine cooling system development.

Key words: Engine ; Cooling system ; GT-SUITE ; Simulation and Optimization
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Simulation research Effects of Low Pressure EGR
on Performance of Turbocharged PFI Gasoline

Engine

Mok K BB IR
(ERIBM TSR ER AR AF, T79 MM 545007)

WE: KSR GT-Power # 3 5 3 HO%E A LA Iy AAA, A4 AFIAT, #F
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Abstract: A turbocharged PFI gasoline engine simulated model was built using the GT-Power
software to research effects of low pressure EGR on performance at full load operating condition.
Results show that with the EGR increased, the toque and exhaust temperature decreased, the brake
specific fuel consumption increased and obviously controlled the engine knocking. With the
compression ratio increased the range of low pressure EGR for torque improvement and brake
specific fuel consumption decrease became wider, and the corresponding low pressure EGR small.
Key Words: Low pressure EGR ~ Turbocharged  Gasoline  Performance
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FTF GT-SUITE AR R LR W KL SHMB B EMB) J1 %50

The project of the design cam profile, kinematic and
dynamics analysis of valve train by GT-SUITE
P BE T hiEAR Mt
GRS EA RN
BE : A& AR RERESHANER, XEMTEEHHAE, SHEA VT-Design BARIT A%
BALHNREM T EANNAE , ARRRERITTERFNNFESONERL, A VT-Design M GT-VTrain
B2 BBETZAINESTENRILE)ZRBEANTENEZFEE | HXNTELERE T . &5
ERITFHNREEMAT RN MEEERED | XN RBYERERIHIT T B,
X8 : VT-Design, GT-VTrain, & E%, BSHE, SHEDN. HOEDH
Abstract: This paper describes the effect and type of engine cam and valve train. It detailed description of process
that use the VT-Design software to design cam profile. And was designed a certain engine exhaust cam profile use
VT-Design software. Respectively, using VT-Design and GT-VTrain software to build a single-cylinder kinematic
model and the complete kinematics model, and appraised to the results. Finally, the designed type line input to the
engine performance simulation model of the engine performance was checked.

Keywords: VT-Design, GT-VTrain, cam profile, valve train, kinematic analysis, quasi dynamic analysis
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