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Design of Miller Cycle and Two Stage
Turbocharging System on Marine Diesel

Wang Qifu', Cui Yi', Deng Kangyao', Wang Xinquan’, Li Xiang’

(1. Key Laboratory for Power Machinery and Engineering of Ministry of Education,
Shanghai Jiaotong University, Shanghai 200030
2. Shanghai Marine Diesel Engine Research Institute, Shanghai 201108)

Abstract: In order to reduce the NO, emission and fuel consumption rate of a turbocharged marine diesel
engine, Miller cycle and two stage turbocharging system were adopted. Different IVC and VOD timings
were chosen for calculation and analysis, and Miller timing was determined. At the same time, variable two
stage turbocharging system model was built. Effects of different sizes of turbochargers and bypass solutions
on performance of propeller law have been studied. Finally an optimized variable two stage formula was de-
signed. Results showed that NO, emission was reduced by 38% and fuel efficiency by 2.5%.

Keywords; marine diesel engine; Miller cycle; two stage turbocharging system; NO_; fuel consumption rate

- =BrEt, NO, HEBRRAK 80% K4,
5l B

SR AR . IR BT
&, RS RS Z HA TR 30 7
RE. ARSI E & R I KB A R R,
HHEH MR E RN TE R WS E ., Eir
MR AL (IMO) HEBGE MAME , LA 2005 4E /Yy IMO
B—BrBOviRdE, TR 2011 £3047 IMO B
B, # NO, HECFEIR29 20% ; 2016 4F5L4T IMO %

AN 201109-11; #EHHE. 2011-10-18

AT BBHEBERREDR, BN AME AR
TREWR, KPREMFREAXSIES. BRL
— BT — KPR R TR S SR K BB 2R
J&, NO, HEHREIR T 10.5% , 135 RS et
H—EitE e, B4, R
N TFRETE Wartsila20 BISEHYL R — R EH S
SEROKEAEARI G, NO, HEHRRIR T 50% , [RIRHA
WIEEFERA BTE, Bl THSR RS

EERT: EFF(987-), B, 0LWRE, FEFRFTHNEBILRALIBFERAR, E-mail: holyvitas@ 163. com,



2012438

EFES: BASBIUKBRETFRIOYE R LM TSR .27 -

SRR, XA EE B — A B A BER
R IE#iET . MAN AR —#K 32/44 CR —%
RS ER A TOKEERR, 7R ERY bt ia
By TR EE . AR TENETRMGE
PRERYBEEME R, EXEARMIERT, NO, Himke
1% 40% BRI ThZBRAT 15% , mHEB b T
AR BE IR ERR

KGR G A 3 5t P NO HER LA Kk
EWMBEAERKNE S, R EEBILRS
BIETHAEEERERENAR, HHBE. BEBHE%
B, PR GBI EE S, #F9F  B i Xf
RREAR R R ERE S, SHER, & TR
FHWMBBERMK, ERENEHHEXER,
Bpede g R, MR EMHEREE 2RI,
NO, HEpuses LES e B H R KD,

A SCH TR X R RS 5 1 A A SE .,
STHEH#HSTEN RS EERHTEHEIT
B, X S RIREINE RS T LI BC A T
FWR, BRI T EVLA NO, HEBRITHEE,

1 HERBRERIRE

fERtRE fE, FEME GT-power B HR
HHFTIE, HEBEERATEIST TN RA
BERA TR, HIREER A EREMAT RN, 2
X IR R AT P AL

FEWL R — & B RIRm I R, H GT-
power X JRHLEBIE AR E TOUR BIR BB AT
KRERIE, BIGRE FESHR S KRB EIL,
H B E SR E AR BN i 1,

k—A—iﬂﬁ—i’rﬁ

033 017 0 017 033 05 067 08 1
ghih¥: F/CA

B1 RS HERE

FEHAT T — M R EEERER, O
WM —ERBEEREHITEY, BRBIMEE
MR EESEEN T ; REHESTES, &g
BEIRE MESHLRE R FITEENTE ., -

2 WERLEENRRIRIT

J T W E SR BB T AR RS E R
KHR, FEMRNAEE: BCRANET B
FB., FRFE. BREZRBIEESREE. #
THEHERS, HARERTT BiRm NO, HEm A
WMEER, BRAGEERTEREENSRITEN, R
BRI SHTIRE I ESMNILE, FRITANE
B HBUR /D o

TEERTERER L, & THRSHETHE,
T A 6107 000 A2 HE S 338 SR e R v S ey LU RN
WA ; FX REMRIT I BHITETHE
FMHEEREIE . BT RAW RISHER, N
M REGSEGHTEE, HEE FRRITEE,

2.1 KX#ERMHRGIT

XAOLEE LRy E B B M ERER NO, HE A
MEE, AL E N R AR R ET A FSTHIK
HMER R, R IENFEMEES, &R
LU AR T

(1) %6 x5 =30 FARRIER HFR. 45H6 F
PERIIRHA (IVC) 1 5 #STEEMA(VOD), Xk
—HFEE 30 AR, KIVEEP, HESHY
B, MR TFIRNORE, #A0T6H fA AR aT
95,85, 75, 65, 55, 45 CA, K| TEBAMEXMTIE
PLaaise kR -80, -60, -40, -20, O CAHFh
ES

(2) REFFEVLAGIRE RN REREEE, 7T
RSN R A ERY , 1R R IR A1 AR R AL
HMREKFERT, BdEAWREHYEEH, #La
30 R R RR S R L EYIAEE

(3) MBI RBETIT LT, RIEITERH]
NO, FHIM#ERE IVC #1 VOD 254k i) MAP & (fnlE 2
Fims), ¥IHaE L4 IVC #1 VOD,

MR RTA, BEME, NO, HEEAH
IVC e, M#SIIRAAMKITTERBX MR
MR, E2 R, SAMFAELE IVC AR
PUIRAG 75 CA #1185 CA Z[8], VOD MXTIEHLIE K
—60 CA F1-50 CA ZJal, ¥HEEELLIVC(80 CA
/85 CA) . VOD( =55 CA/ =50 CA) T4 -4 i P fd
HE,

(4) STtk EAR R RWFRL L EEANEL
K, HEEH LA NO, HEBARFIHFER /DT RE,
FHES AR L BB RS, MR
K, WGBTS, XikE LAl FH#T
BRTE, REYEERNALRmE 1,









201243 A

BITURSE : BRSO AR 8 087 Rt - 53 -

PO R, M BRI T IR R,
FAERIE B2
5 HIEWIE

BRI REMRIRE S LT T 2R
E’an\i%‘ BIEHRESHENXR, RBHERILEK
o HILATIL, PLMZRR B SHEMIELL.,

F1 BRFERARARBHE

L3t PLMIEEE | HlibEh | WE/(L-min ')
/(rmin") /C /kPa 'E | 2% | 3%
1 355 75 785 148 147 150
1 680 75 785 182 180 184
2032 75 785 225 222 228

BRI ML B LR T8 L, B
25 i s, ERAENL LT TRVLIRE ., Pl
FEFEEWRENTHEE SR B ERE, BE2,
6 /N &

SRR, AL E M E W EAE TG

(EHEF29 W

ﬁﬁb)u:iﬁ'fﬂ Ji/%?‘iﬁE%%B’J&frﬁc
A, X T IEALIN E , 55 NO, HERFRIR T 38% , 4%
AMFEREML T 2.5% , & T SRR E Rk
B 6 Fim,

13- Heitrrtt
12 [—m—maure
[co—_mnnE
1 .
3 1.01 — -~ .
=
e 09
g 084 A
o074
0.6 & A
AN
05

20 30 40 50 60 70 80 90 100 110
/%

B6 #IRANO, MmBENELBE

3 B #

AT RARS A FSEALE) NO, HERCFIMAE, 4
XEEERBE WA IRAAITEES.
R ESRNANER U REEREMHES =
EHATRO A, B SRR AR
HFRIBR

X R HOK R R R G R R,
RAHENRETEN:

(1) #ESTTHX T IEHLERAT 80 CA XM, K]
HERPHEMEHHEK -50 CTA;

B T R N N e N LY SN N U 2OV VRNV SNV VY EV VSN VY VY SN POP

ZR, 7E 600 ~800 kPa, Jo/a 85 (ML R 3
A, 2R —F2HEH, TEaRIEZE,
LA WL E R R, SCERIEM . B
PR ARE SRR R R, MR SR
FESTRATATHI

F2 HUBMRREISHRSVTMEE

BfE] [ BREHLS | Bl R E Wi [E F1/kPa
/min | F/kW /T P EREN VR ES
30 150 47 542 750
30 300 56 520 732
30 450 62 492 713
120 600 77 460 672
E R ER, BERR. AT ERGY
BAN, EERA—-EZBEMERN, —cE0EH
HARE (R, BE. 1ER) NEUsEsT e iEm,

SEXH
(1] H&A. WRHLET M. b FE R AL AR
#t,1981.

e

(2) BRESESIFRE AT RSB HR
0.65 #10. 76 ; IR EFZES PR ALK B L R
0.9 f11.17;

(3) {UHE 25% Tafirit % RSB R, 5
HEN28.2%,
233 EARBT RALSE  HX TRk, 54
NO, HERKREAR T 38% , L3 AHFEREME T 2.5%

S% 3k

(1] 23 AR B, B, 5. S K ThER 5L K 8118
AR SRBBIRT]. Semil,2010,32(2) :21 - 24.

[2] Federico MILLO, Politecnico di Torino, MARCO GIANO-
GLIO, et al. Combining dual stage turbocharging with ex-
treme Miller timings to achieve NO, emissions reductions in
marine diesel engines[ C]. CIMAC 2010 -210.

[3] Georg Tinschmann, Peter Holand, Hannes Benetschik, et
al. Potential of two-stage turbocharging on MAN Diesel’ s
32/44 CR[J],MTZ,2008,69(10).

(4] Christer Wik, XI55, FIfH 48 KR Wartsila 0 nf
BAEEMOLEER (T]. ESRRHLE,2009(4) 12
-20.

[5] Meier E. Part-load operation of very high turbocharged four-
stroke marine diesel engines[ C]. CIMAC, Proceedings of

the 15th International Congress on Combustion Engines,
Paris, FR; 1983.

(6] BUE. R AKMILA S BEEBETE(M]. b
¥ . IS KA AL, 1985,



