;g; BABEZET L Y =7 257 L5

ISSN 1340-6663

HbRsE

Bl 5 No33 W #H MKk — 2 X =T
(http://www.jsme.or.jp/esd/NL33.pdf) T3, *
720 K7 No35 1I22WTh, FA—aX—= VD
ADFETYT, THEATELZFIHMLHERS
R TMEZEID ] ) FTMARD) LBHEY
728wy,

MBEMPIRL DAYV E—D

KE #RgL (558211 (20044FF) M. HARH
KE) BIEEE

g B (5583W] (20054FF) #ME. HHPK
%) iR (p.2 - 3)

DA ARAAVIIVIRBIN-V VR EZIRED
E# ez (RBRY #%E#HE) [Gary
Borman #J¥% (Wisconsin K%%) ®D3EZ W] (p.
3-4)

SBPSEENDIBIT

W MR (B TERY) EA RC221 4 9 M
IV IART Y-S RE (04— 5)
A ®RFE JuiERY) £/ A-TS 07-34 #E
with s A 7 20985 (p.5 = 6)
BNDIVIVIIRTLADEDHIOD A Y
-2

# & (Professor Zhen HUANG ; bi#Esc @ K2%)
“DYNAMIC GROWTH OF AUTOMOTIVE
DEMAND FUELLING AND THE
ENVIRONMENTAL ISSUES IN CHINA” (p.
6-7)

3BT

HW RS (bkaNSt JE57) [ FRepm /N E
LT v O AR & P IsBAtt oBa | (p.
7-9)

MEARI>IY

Richard Cornwell (Ricardo UK Ltd.) “A
LeMans Winning Diesel Engine” (p.9 —12)

b=t IEW

AINHFR HEAT (B4 ¥ — 4 =) [2005
Engineering Foundation Conference {Z& L
<] (p12-14)

BATEREIT DINEAHRRETDE

% % (Dr. Xiaofeng YANG; A HEMiFZE0T
WARREGERT) TR S R7Z2HADRY) /] (pld—
15)

BRifiTvt—

AR Rk GRS 51389 % Woschini @
XJ (p.15)

s:HhL5—-

(p.16)

F18ONMEES VRI D LABEBZNETRHE
(The 18th Internal Combustion Engine
Symposium (International) in Jeju. Korea)

1. B8 R 2005412200 (k) ~12H22H (k)
2. B Fr:KAL &7V (@E, FINE)
3. 2 M & : 25000 (KSAE, KSME, JSME,

JSAE £ H). 30,0001 (k%
H). 5000/ (%4)
4. —HYEEE 1191 (B6kv v av)
5. HFREE
fhAR AR CRMERFH0%) |
Mr. Seong-Hyon Park
(Hyundai Motor Company,
Executive Vice President)

D 2% % FEs

FEME. 9 A HP 12BRT 275
2 http//www.jsae.or.jp/18ice # ZE T &\,




L RSSOV |

82T PIRBED TR

FREAFEIFE
KE Fh

2

COE, TV U v AT AEMEZBET
HTLIZBDFEL 1HFELVHYHENVTEHTLD
D, BARMZRED T T3, REBHLIRERL,
LFRD THH D T35 FEEDERRKEZDOARERM
FIF S TR RE L B E 2 TUTORELY
KICHL%ED, BEOTHREBICRZ SETHEE
AR <3 = i S

L, UV VI LTI BB R OB E
REfbiZd & L 0. mahEIk, BESE L. B iRE)
Py —BrLmi koo, TR 2HEICT 5
72O ORBE T AR BREL - . A H = A A, HER
BB 27 A L BENE. MRS IS
b5 EFRBEMARPLEL SN TVE T,

NS ORI, SIS —-FEHLD AT
v IH Y 5. PR ZITREZ BIER 75
WEZEIX. AR KFR o L WFFE R BE A3 1 72 i
RO THETREINETT, F2I0HIZEI,
FHIMICESEDS I L T MG REERTH
0. EOICEAMBIE, EERTSZHEICANT:

EME OB RIEEIE 20 T3, 22T F
R - B offEE X, HEHAL L 7200
PSPHHL, Hoho=— X% HEICH 2 725
B INHMZENOIRIRZ D . S 5123, PGS
BB OMEERE I THEbLILTW ATk
FERAICH Y At 2 E B LETL X9,
SWVDWVARERM T, HHEER Y VRIT A,
WEge R 25, B OS2 WA OB 254
g, BigED Y — X & =— X% BARWIZA 5 &
BELRRARLToTWwET, £ T, EFEOMHEE
DAy NI — 7 L CHFENEOT LY B
REIZERD . S HIIE AR 7a Y = 7 b
NERREIELIERRELIVERCET,
ZO XD RWieEE 2 8 U T, RO
OHNFL L b2 EFERE Ty V= TIZED
HHMERFIR L, FNHICHIRT X B ERIEL R
22 EDARFMOEE R VWi ET,
51213 BIEWL Y Y Y Eio 58 ThasE
FREZY) = FLTWA2HRZHE L., Fekick
EESHT. BERPESEO T VT iEEEY & 72 E
B EEmEZNL b EELHEHEE LT
R
BRICIZ NS ORBICTHETEIT S 2 L 247
DOoD, RELNPS, BHEEBHOHW IR
SRFOURGE A T, THTEW 2 E
ZHOBRICZOE 2B LTELSBILEL L
FAHRETT,

ESIMMEPIE ST D T KIS

ESIHIT P Y AT AR |
B BE% (F#KX%)

S OMMEZMPEOH Y F LIz, BHOEIL
FEZILD, ERRRHOERGTO I E2ET,
WM OEE & EICRIIT 5T,

R EOFRR, HENEPET A ORZ Mk
WL H, A oEE, R RV EF— -
RBICHDIHEAESIIDECHLLIEIL, B
NEBROIEREL LTV VU ¥ AT L OFHTSE
FETETHEEL Lo TVET, Thhbid, &

Tl D] 2 BEAE & KGR BT WIS & 0 SRR -
MG a2 RE L CEFEZERTLLELD
2y PEFT AEALD 72D DIRIE Y X T A~D#EE
BRI RTT, E5I12, N1 FHR¥ % DME,
GTL. KF7% Lk 2R LM% b DB~
WIS b RO AV F—FREICEETYT, 2
O OEBIZIE, W 22508 OBH O A O
ME L iz, b - /A - HRAR Sfho T25 %
DHFREREGT HLEXD Y, EXEHZ LD
HALT B2 ERDOENFE T,

L TAHT, HABMESZIZI97EE» L XBR
DORIERWA & Z e ) BECEfLICH E S,
Ak - EEIIOVWTOL L OUELEHY—E A
DM EIZIMOMATEF L7z, &I, IT KR
22 THRABSHEA, FERORE L FEER
HERM bR T E§, FEEFICIISERO WA
WX )R IO D0 T LA, FEREED



H0HIE BROZBILEHEZDERFITED
Ehkk L THRET s AQiX R ) 8 A
BUE, ek (1) #MExy vy —Fn
~ORBAT. (2) KEHHIEREL. (3) Mo
WERLREPERSNLTVES, (1) T, %7
T HEMTHE LM - FAEY AT LA OHEEDE
o, MWEBMHMEXBITT A LIR) T,
LM Tid, BEICW &R LT 5 Int. J. of
Engine Research @6 % %X Y ¥ —F WV &9 5K
THRELTVWET, (2) IRMNFEORGIZHEL,
TN ofyE L EHE - FHERBROBEIEL2EY
T3 o FHEHBIISUAEELMRL, HMET

5 f

NGRS E R 22D FANER I T E
Fo (3) &, BAED21EMZHK - RIS L
TIN—=¥ 7L, FREHEZNBIH0) T
{T5bDT, FAIfHERENPSHiERINDT
ETY o

ZDEHh, M TR, A== X2 55
&R EROPHIRE. FRWNFEOMm, 72
EIEHAL D 720 DB D 125, COMODIA W
BRI S v R Y 7 A Ol % T2 BBy E A & B
HOEBREHEBY b TikmehiEzy I8
Ao REDBEMROTEAEZKMT L LHIEDTS
D72 EfFLET, THHEBEHCLET,

Bl Gary Borman #i& (Wisconsin X%) D%t%isd R

BR #2 (GEXFERERR)

Professor Gary L. Borman 2%A44E 1 H17H
(H) o®l, Wisconsin K% ® ERC (Engine
Research Center) DOV DEEEIZH B, FFD
KellPHEN-HETEL bz, —HEENDS
KEHA (GEL <& Colon Cancer) Tht L\ 2k
AT SNTWzh, TOHZEDL L, D0
oz, TE, Gary S OHED 7 ) A
A A= NI Y SR 12H 1 HEHIZEW
72D oTz, LIADMEEEIILRDELS, L
L KD Marlene ODETH-7-DT, FLBR
BWICE B o TWRETH 72,

Wisconsin K% @® Engine Research Center 2
EROL YT VB TERABEOL Y ¥ —Tdh
D. AF v 7, FHRESAFELTBD., BALT
X5 LnbORH5b, Gary X2 ZDOFTE #1986
EPDRE L1994 F TR FIThIzo TH—T
LZZFEFTRELS L,

FAAS Gary \CRHIZE - 7-DIZ, 19644 (BFFI
394E) THho7zo WHAIBYEL V) DIk, FETH )
Yy 7RSI NIAETHY, ZOFEEBICL
THAROBFZIHMEL TwoZzs 1 FIL=360H
DOREEMYS T, HRAOHBHEIZFEZ—-HH T AY
AN I N TRV TH L, 7RX) I~ND
RITHDEEFROT, RONIZADARDNTE 72K
Thole TDOH:, Wisconsin K% Tl Profs.
Myers and Uyehara ZHu.o& LTI ¥ Y V%R
PHHBT, T4 —ENVEGORED M OWEE R
STWAEH, I FLAITo TRV E W) FIRHBA
5> T&72, ROBL@mXbELmLd 71—
S O PHREMEICETHEDT, /2. 20
B, BEAES X7 2L THEBEOIEZ1T-
Tw7z, #Z T, Profs. Myers and Uyehara (2

Prof. Gary L. Borman (1932-2005)

ROFmXE & BT, —HMIHETENIETENTD
e FMEM L7z ZOYK, o OTF
D X H12#525,000M B WTH - 7248 BEk
1Z3000M & 2220720 EZAD, TXRANZ &
LTHRHALTHRWE W) BFHIR, e
B2, FADSEATH A RILRFOMREED L &
AU, PRI EFEASH R 5 A WFFE ST A
WEgERE11E B 2 DL 5 ) VEbEDOFHKIEK
2% ThbHo MIRFEAIIKEIRZ AT,
X7 AV AT TREDT L LN ERIET S
I BBEAH L. HELRHEBEREZHFNTE
Eolze ZORER, 196459 H 1 HO ST 5.
AEMI7200 FVZIAD &9 &SP F o 720 4R,
HMOHADIKE DR 5 ~ 6 THol20 2HLT
FAlE. 19644E 9 A 1 HDOEAH 5. Wisconsin K%
OB LHROL Y YV VFRETH L Z L2k
D, W& T25 L)AL — FNEXOERZED—
FRIZdH 5o 72,



L 2 AT, Gary 1319324 Wisconsin JH
Milwaukee R CHEF NI, T OEKE T,
Wisconsin K% Madison B DR T B &
ML E BT L RO3RIELTH S, £
D%, W TR LRELE T L. Profs.
Myers and Uyehara ®& 2 AT, 74 —E LK
BEOMENTT PhD %35 S N7z. £HIT19644E D
6 HCTH o720 £ LTT W TRt ORI & L
THRH SN, BEEREBROMEET 2 TF- 72,

IV UMEE D Profs. Myers and Uyehara
IR TR OREEDO R OF UEEIC 2 A
TEB SN, Prof. Uyehara ZHAAD D)
Ty BRI KEIG L FRICAH ) 7+ V=T
DF v v TINWEHE SN0, FHEEFHIZ5720T
Wisconsin KFDILF THFHIAF S, WS
T PhD #6772 WtEfED I Uyehara
B E W) OWHE L, Tk, BTN S
. Prof. Myers & & b IZPIRBEEI DI FE % iH A
BT T3 Nz, ImERNE, ) =250
BEHLE, BILWELORREKR SN, 718
LBLWHIZEDO T A 7472 MEN 5 Prof.
Uyehara &. A#M T, ARERZEHEFTE. 1TE
<L LTD Prof. Myers ® 2 A 3HITE L 0f
REZ A 2 k) S 7z,

19644F 6 HIZHERTIC 2 H 17z Gary 3B T4
FOAREOMTEORE LIEOFEIC. B/NE
DEIBNREEY, ZIEFEZEE LTV, W
DHLEFIINA THLTELE, HFIHELE
> TN %R E 2Tz, HAMT% 572 PhD #X
BIXUOZoOoHIZ SAE KRB KIS NI 7.
“Mathematical Simulation of IC Engine
Processes and Performance” ZZD#HD LY Y

CHRSED SRR 2R T T. £ OMEEDB &
&t SEH 2 072, %13 Profs. Myers and
Uyehara OF W 5% L OFEBRFTEHE O H v
Ty WORB 7 — IV TAFOMME, BER O M E,
BB ORE, Hi oM E TR 24 L
TWwiz,

Wisconsin K%13194641250,000 KV D 34T
T25 &) T T UIFEEZ/ED . Profs. Myers
and Uyehara N Z#HLF 52 LIZ% o 72,
19694E 121X 15F # T ® Engineering Research
Building % L4 Mset > ¥ — & LTlE- 72
T2 DYV UMRRIILIDO1IEEHMTE
2R, e BRI E, £ LT, 19864121
DOD, DOE, NSF, ARO, TACOM £n&4 %3
2L T, Engine Research Center (ERC) # 1. %
¥, wkoprE & LT, Gary Borman 23T
L7zo 19944EIC K7 2B ET 5 £ TO B 4ERH D
W49 Lz, MIREEORE. MET — <Dk
B FTLTHEIR, A% v 70N NEe RN
L. ERC 2R LMHEL Yy ¥ —I12F TRE
387,

Gary 136D & T, Madison D54 T v 7 1%
WOBRBIFERIETH > 720 FEHIEL . 19714
WZENTD, REgEEL, BHFERTA—TF =& L
TROEROMEFEL R Lz BHEDL I T, R
AT & BV LWEEZIED T2 L TK
N7z, California Wine @ Belinger ##f& Tdh o
720 RAITIZBERE RS TNV 72 L, BERITE
SEN ERFERD, 2 ATHRKITZRE LTI
720 WETWiHNRFEE T, RORDIEVEAD
—ATHY., HErHiEZlDbDrFAL, THE
mMEBHY T 5,

I 7P E 2T I

RC221 £9HT T b4 4RO —E
aF=

(FREHIRE FR17%E 6 A~FM19%E5A)

&

O BE (KEIEXE)
DRERAMP S BN TET 2 X912, K58
KFIT vV ENFARBY—D20FF—T —
FIZH B OBV EED TH Db Lifktx
BT ERTHXITFEHIZE Lo TBY 9,
ZOM, —BRLTIZYyY YOI EHEBEHNTH S
Y2 v, 5, B 23 BB, BiER L
DM FA4 R Y — EOFEIIH LT, EARN R A

H = A R BRI 70 U Tk & P
BREIEII L. RELTED F L7

LHL, Z2O—FHTld. =¥ Y v OHr AEt
B ORBARIR D Fy DI EA A3 2 & BA%E S FEH
IEENTEY, ZoFizid, F4 VENFENCE 5
fl R T RS BETHNC X 2 BE SR v SR o0 B8
Iy T OEBER T — BN T
DLBEWHLIZ X 544 VB, K& EGR LI
X 2 EERERGIN. SaAS - EERESH LI X B BT
B, 4, H2llEL o4 Fuay— Lo}
HPEINTBY, Zho~OWNIBLEBE ko
TBYET,

DL BRBENS, KBS RHA TR BFgE

‘0:\ if:%



BEVRINEFTRERE L VY IRy —
2R3 2 AT R NSRRI R A BRI BERE.
BT EBRZT TR, ZLBS72METH B8
BHER T A VHEBSIICHTA2Z EI2LD,
ZNOTFUEE I AN B L REL, ©
YV oMREN el U CBRBERAEICEMT 5 2
ExHELTHBY 9,

Z D HWZER D 72D \IARIE S F & T [Hf
AT — VDY AT k] ZE&fkokite L, K
KRS L) exrarsv—7, Izasiv—7,
FITN—=TFD 3OO0 7 N—FIW5H %Mk L
Ty MFZEREICILD MIATBD 3, v7ur L
=7k, TV UTHEETA I IA RO T — D
WETH L, B, B, A A VHBEL ST L
T FICEBRWICHR 2 MR L 2030 BARN L
BERERETAHILEEZHMEL, 370 V-7
. BRI, BEEE. A A VB 0BG L EEE

5 FRAT
V— 7,

WETHIEAHMEL, F2F /7
FERE, BEEE, TR RN 2 B
REITV, FNOBROIERWLIEERA =X L
ZHLNITAZEXHWMELTBYET, 2D
Iz~ rzuandbF ) F—FE TOEBRRPHEGRIC
L 2R e OWEZFISHESET 228128 D, i~
DGR DOILARN 2 BRZ TR T DR 70 i e
BRI RTEXLDDOEMBELTBY 9,
MO EHCTy YU 2R &R B
LS 2WML, RAaTRANRREIKRD SENT
BY . TOEHIK L THEIE M E O
MNP ELRILEIFEIEFTEDYIEA. €O
VAN f%éﬁi%<@ﬁ%kﬁ%@&ﬁ%@
MBI T Ay ikl ¥llo=—X
W2 L CREFEOFO R R i B sl Bk %
WETHILEDUETH) ., ZOMOIEEI~D
BEWFICKRFO—FOTEMEBEH L

Frg 2 FRBY I QMBS DT FHI & B G oo i i EE
wyad -7

,fﬂﬁ. = A

il (R SR

|
d {4 TT. T TR -
5 i O i el B
¥ o E R ik ._?r'l_..\_-'
e 0 TEE T EOSE)
-_\_——I_l—_

RC221 OIRAR T IV — Tl

A-TS 07-34 EBM > X7 LIRS

-
R
=

(B BRI ER15%F 4 B~FK19%FE 3 B)
&
EA RE (kimak?) e o

R THERFZOBARLEDSNEE T TERAEZ SN
TBY LB AREEL SRS ELEEZTEHE,
BRI B R OB LA I TH B W2 720w T
BOId, 5 HRICFha A MERTHES A
ASME OBEEMY PRI T2 MLTEF
L7225 2L ODMREVRT Y DV Va7 7
TV FIZL72 4 TL7z. BREHEML CIlIInEE <



AN OB AR S B, 2% - Bl &) 2 4
MOBMEY I 2L —Y gy, EEEO A+
Yo WEIHES WEBENOBRDB I ORSBS
Y, LYY UMREICIFELBEVBL DY
T3, B TSRO O P I
FEMLOLIY AA TV E 20 EBWET,
NETOLIAHAILTEHZHBLTE) IEA
M. FOE—RE LT, BIERERZMIEL T
Wb IV Y UREIC X BRI D XD 2 A
LW EEZTBY I3, IR A
YUDHIZRDT FL AT A =)L TITH#KL 7280
(takemi@eng.hokudai.ac.jp) o XD TEN% B 7%
Dzl 9,

ZHE I TICHSHE OO % TR S
BTV 72EF 7, MEER TIIKSERPER
ThHO, FIATT b 7uy T4 7
(BRI T HHS) 12X 0, HiEIE L K
TLET. 21T, BEIIRT L) LWNHOTH
ALASUT RE 2 MR AR 2 SR L. e K D FEAE - I
ByRE 2 B L7220 JRETHY 2 IR E A DR

-
—

WEIT-72D LTBY T3, T/, BiMiKOZEE)
#YIalb—MFBHMT, BTRVY S V%
W HEORE Y I 2L — a3 V3 f7-oTHY
F9. LDV Y UMREDKNEL BREFER
Dty TarTHRMLTWITLZERMFELT
BYEI,

EE N0V IVIRATLSHroDXvE-Y

DYNAMIC GROWTH OF AUTOMOTIVE
DEMAND — FUELLING AND THE
ENVIRONMENTAL ISSUES IN CHINA

Zhen HUANG
(Shanghai Jiao Tong University, China) '

With the implementation of the policy of
reform and opening to the outside, a rapid
growth of economy has achieved in China.
The vehicle population in China has increased
from 2 million in 1980 to the existing 28
million, with an annual increment of 12%.
Private cars share grows at fastest speed,
almost 1000% increase in the past 10 years.
According to research center of state
department’s estimation, the total vehicle
population of China will increase to 56.7
million by the year of 2010 and 131 million by
the year of 2020.

China faces major challenges in meeting the
ever growing demand for automobile while
minimizing adverse energy and environmental

impacts. The domestic oil supply does not
meet the demand with sharp increase of vehicle
China started

petroleum and became a net oil importer from a

population. importing

previous net oil exporter in 1993. It was
reported that China imported 91.12 million ton
crude oil in 2003, which accounts for 31% of
total national oil consumption. According to
estimation, by 2020 China domestic oil
production will remain 200 million ton per
year, while national oil consumption will reach
450 million ton.

becoming an increasing and main source of

In other hand, vehicles are

emissions that are contributing to the total
urban air pollution problem.

The State Environmental Protection Agency,
Ministry of Science and Technology, State
Bureau of Machine-building Industry etc. have
commenced on formulating more strict vehicle
emissions standards modeled after the
Schedule, fuel
consumption regulation and implementation

European Emissions
plan for solving the problem. The policy has
been issued to encourage the use of

environmentally friendly vehicles with tax-



The “National Clean Vehicle
Action” program has launched since 1999,

based incentives.

which focuses on improvement of internal
combustion engine and vehicle power train,
development of alternative fuel vehicle, and
promotion of hybrid vehicle and electric vehicle.
The objective of vehicle emission control is to
achieve emission level of EURO III by the year
of 2007 and level of EURO IV by the year of
2010.

The government has approved 16 demo cities
for clean vehicle, including CNG bus and taxi,
LPG bus and taxi, LNG bus, methanol vehicle,
DME vehicle and electric vehicle. The
objective is to promote investment in the
infrastructure of alternative, aggressive
upgrade big city public transportation and taxi
into alternative fuel vehicles, and research and
development on coal-based fuels and bio-based

fuels, including DME, methanol, synthetic
fuels, ethanol, bio-diesel fuel. Figure shows
first DME city bus in China developed by
Shanghai Jiao Tong University.

Figure First DME city bus in China

Despite a still-young auto industry, China is
making efforts to develop alternative fuels and
clean vehicles for reducing a growing
dependence on foreign oil imports and
environmental protection. China will become
the first market in the world to adopt new
fuelling technologies for volume applications.
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A LeMans Winning Diesel Engine

Richard Cornwell
(Ricardo UK Ltd.)

Introduction

The case for a racing diesel engine, as more
than just an engineering curiosity, is put
forward in this article. In endurance events,
such as the Le Mans 24 hour race, the Ricardo
Judd high speed diesel race (HSDR) engine has
competitive advantages over a gasoline
equivalent of similar power, in terms of both
The

adaptation of a gasoline race engine structure,

fuel economy and tractive effort.

together with operation at high engine speeds,

allows maximum cylinder pressure to be

controlled, leading to a lightweight engine
without the weight distribution problems of
converted passenger car engines.

Background

In recent years, there has been a resurgence
of interest in racing diesels, recently, diesels
have been given a new opening in the form of
top level sports car racing - the 24h Le Mans
race permitting diesel engines in the LMP1
A further

motivation for racing diesels is the increasing

category for the first time.

interest in energy conservation. The recent
EEMS (Energy Efficient Motorsport) initiative
in the UK is a good example of an
environmentally conscious approach to
motorsport, retaining the essential excitement,
noise and fun elements.



Approach

All current diesels used in motorsport are,
essentially, structurally derived from road
engines, operating at typically high diesel
(160 to 180 bar).
Consequently they are still considerably
The
alternative approach of adapting a lightweight
to the
characteristics of a diesel combustion system

cylinder pressures

heavier than their gasoline counterparts.

racing gasoline engine suit

becomes attractive. Ricardo adopts this
approach for the Ricardo-Judd V10 engine
shown in Figure 1, based on the Judd GV5
gasoline race engine.

Ricardo Judd Race Diesel 4.6 litre V10

Figure 1

The regulations for the Le Mans 24 hours
race are laid down by the Automobile Club de
I’Ouest (ACO).
issued which aimed to allow diesel-fuelled

In 2003 regulations were

vehicles to compete on an equal basis to the
gasoline mainstream. Diesel engines are
permitted in category LMP1 for vehicles with a
minimum ballasted weight of 900 kg. The key
regulations influencing engine performance
concern air restrictor and boost pressure
Fuel tank size is fixed for both
diesel and gasoline vehicles.

limitations.

Based on gasoline engine experience, a
competitive power level for LMP1 (900 kg)
vehicles is of the order of 600-700 bhp.
Typical gasoline engines will achieve this
power at speeds between 6000 rev/min
(turbocharged) and 9500 rev/min (naturally
aspirated). BMEP levels for these engines are
relatively low - ~13 bar for the naturally
aspirated gasoline engine. These levels of
rating allow for lightweight engine structures

giving good weight distribution and optimal

racecar dynamics.

Table 1

Summary of the fundamental tradeoff

between two possible approaches to
achieving competitive diesel race engine

power output.

Passenger car derived
diesel engine

High speed racing
diesel engine

Low rated speed, high
torque approach

High rated speed, low
torque approach

Power: 600bhp at 4000
rev/min

Power: 600bhp at 6000
rev/min

Torque at rated power:
1060 Nm

Torque at rated power:
710 Nm

Maximum cylinder Maximum cylinder
pressure: 190 bar pressure: 140 bar

Displacement: 5 litre, V10

Engine mass: 350 kg Engine mass: 165 kg

Whilst traditional passenger car diesel
engines operate up to a rated speed of 4000
rev/min, Ricardo research indicates that, with a
suitable combustion system, 6000 rev/min is
possible within the performance envelope of
modern fuel injection equipment (FIE).
Operation at higher rated speeds facilitates
operation at lower BMEP levels enabling the
use of a gasoline-derived engine structure.

Figure 2 shows a power curve taken from a
~2 litre passenger car diesel engine with a
Ricardo designed combustion system and
common rail FIE. In operation at speeds over
4000 rev/min, the combustion system presented
no limitation to engine performance; the
limiting factor at 5800 rev/min were “hard”

limits within the ECU.
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Figure 2 High speed operation of Ricardo-2 litre
passenger car diesel

Ricardo CFD analysis shows that, provided



injection nozzle flow rate is increased to
maintain constant injection period, the fuel
evaporation, mixing and heat release
performance of the Ricardo HSDR combustion
system is similar at engine speeds of 4000 and

8000 rev/min.

4000 rev/min 8000 rev/min

376° crank

420° crank

Figure 3 CFD-predicted in cylinder temperature at
high speeds

The application of a diesel particulate filter
(DPF) to the racing diesel is desirable and may
A

partial flow metallic substrate filter offers the

be required by the rules in future years.

lowest exhaust backpressure penalty. Passive
regeneration of the filter would be likely under
the high exhaust temperatures under race
operating conditions. A reduction of full load
AFR by 1 ratio may be permitted by the
addition of a DPF, giving the power curves
shown as dotted lines in Figure 4. Also shown
is data from a piston manufacturer for piston
specific loading.
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Figure 4 Air limited power - Ricardo Judd 4.6 litre
V10

The simulated 4.6 litre V10 diesel engine
described above exhibits the following headline

figures: 637 bhp at 5500 rev/min, 850 Nm at
4000 rev/min (within limit for racecar
transmission e.g. Ricardo transaxle used by
Audi at Le Mans), 80% of maximum torque
available between 3000 and 6200 rev/min, 14:1
compression ratio, 140 bar maximum cylinder
pressure, 165 kg dry weight

Advantages of the Diesel Race Engine

The fuel consumption benefit of the V10 race
diesel compared to gasoline engines allows an
estimate of the fuel burn during the course of a
lap. In Figure 5 the expected fuel burn and
corresponding laps per tank assuming a fixed

tank volume of 90 litres is compared.
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Figure 5 Comparison of fuel burn and laps per tank
- Diesel vs Gasoline Le Mans race engines
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Figure 6 Tractive effort comparison - Gasoline vs
Diesel for points on the Le Mans circuit

Based on the typical duty cycle of a Le Mans
racecar engine, the impact of the different
torque curve shapes of the diesel and gasoline
engines on competitiveness can be estimated.



Figure 6 shows that, based on real data for
expected vehicle speed and gear selected at key
points on the circuit, the diesel has a
competitive advantage based on the tractive
effort available to the driver.
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environmental compatibility and racing

reasons energy efficiency,
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competitive possibilities for endurance racing

such as Le Mans.
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