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Tumble and Appropriately stretched Robust ignition
Channel) ZEE L7,
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High Expansion Ratio w/Milier More EGR Combustion (30%)

Strong Tumble Port " yz
= Turbulence for Ultra EGR

EIVC with relevant geometry turbo-charger
= Knoc} ion / High expansion ratio

Long Stroke for Strong Tumble
= Turbulence for Ultra EGR

===yl
High Energy Ignition
= Initial flame for Ultra EGR

SN

6 New combustion concept "STARC" for highly diluted
combustion

ARG N TRE LR BER FEBLT 270113, B
DUE LTI K KGR FBLT 5L HETH S, 2D
O, MKIET v FVEEE XOWI K RIE R E BT 57
O, RA7TAA—TIEBHNO AL EERML 72, X7 IR
by A7 LB 27§, A X J 1ZPhotron #
FASTCAM SA-2X7%ZH\>, MK 77 7 A Z BT 570
WRBEMIEE X D N TTRULAR 7 22— 7% AL, EE
FOWIN K RIC X DI IE R L T2,

In-cyl. Pressure

Engine, &('omml Crank An;

e

‘Trigger Generator }
Drive
Signal { =i

Spmu’lua.q;h).mm

Single Cyl
Engine

Pressure || Trigzer Signal |1,

Sensor

High Energy
Coil Combustion(Pres.)
Analysis

Endoscope

Trigger Signal

High-Speed
Camera

Endoscopic
Visualization

7 Visualization system of spark channel and initial flame
kernel

X 8 le Wl K BAZIEE B O Mg LR %2, A =1FR%L
BREE (a) &L =288 (b, c) THILTRT, A=2MbEcE
VT, A =1 A7 LIARE S HUl U K RABRR DSHRIETH H 1)
WK BEDIEIRNCH A 2 MESOENRH B MR I NI,
F AN K RIE DT DFENR Y A 7L () Tlk, ZDETE
IYIRBE (VS = v N —y DIz ds s ZEDBIEINTED,
I K RO A 7 ME S D F K L EE AR T Ch
LI EDMERS NI,

H £ M No.90 (2024)

47

(a) A=1 (b)A=2 (c) A=2 (Partial burn)

X8 Initial flame propagation with lambda=1 w/o dilution (a),
lambda=2 slow propaga-tion (b), lambda=2 very slow
propagation (c)

WK RIS KK TS 78I R ST T v 7oL
Ik BZEMN R I F —fic kB sns Y, K97
7 7 B HGE D ICB T I F v RV B & I L TR T,
PHEAMEREG A (a) 12, EF v RVDMPR LRV 0Ic7F
TIEANDOBI IV F — @GR ERD . EE D
WA (0) 1F, BT ¥ FVOREYAICE DT 2LX —tHE
ARERD, WTNOEASYI K RILIIL KRR L 72D
A MESDERIZORDD, DENHA 7ML EDEEIIC
1, KT EFREE YA 7 NVBICLE L TRIRT 52 e 08
HIETHY, R TREAPRBEFEBID 70T A 7L
IO IROIRN Y V7V E Z UL DLEE LTI K 5%
DI ZBE L 72,

I 101 S A BURBE % 2 E AL X ¢ % 70 il K L RN BT
RDave 7 b emd, BEBEZELORE, WO R
DYA IV T TAN=2 7770 DY) i i L HE %
R, YA NVEF 2 R/DNRICHIZ2ZETHE, ZDav
7' ME, FWNREIRGT &R TRV X — KK AT LD A
HAbRICESTHEBIL, I/ vF VI OBNDRD, &K
PRAFIR L 2R SO D 2 & D3] R 2 U & A BHIRE (E-IVC)
ZERAL T3,

Blowoff of
channel

K9 Spark channel behaviour under different flow velocity at
the spark gap
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Cycle-to-cycle
Flow Velocity
Distribution

Partial Burn

High i | *®
Velocity Channel Eh»
Blow-off Ao Velocity
Diluted Burn
realization

Partial Burn

I )

Short Low
Channel

Repeatable
Velocity

Moderate
Channel

Variation
reduction

Low
Velocity

Velocity

B10 Desirable flow to realize stabilized ignition for highly
diluted combustion

3.2 YUVH—ARENERE

RGP TR OLIE LT REER BT 212E, T
TICHRARZ XA, UKD Tl Bzt L, A2
W) Z—a v R/NRICIIZ 208355, Flz, HRE
D ZEICK DAY L7 JEiit 28R 2 A ) 72 oD 1 i\ L R L
DLFRE 28D, KT T T ET R E YA 7 NAFCLEI T %
CEERHMEL, K1LITRT XIICENTDOY v 7 ViR B R
WIS 3 OB EHE S 2 RUE L 72,

1. %> 7 Wik LIRS o FEE R OEAT S

2.8 70k MK E ORI %

3. KT 77D ST EHEZ D

BEREINREIE LT, RIT R TR R 256
WHIRR RIS ORI LB EIND 0, A TIE
AR 3 D50 - L5 » 8 v 7L & B
L7z, Kifik D &G HESHC B 2 Z0REkRE L BB 2720
DEMiZFIAT 5,

2. Controlled
tumble conservation

3. Guiding flow direction

1. Strong tumble induction for stabilized ignition

E411 In cylinder charge motion design to realize STARC

combustion concept

3.2.1 #YVIIVERMFER
FAINTRENIE A L > TRICPEOIRG AR — b2 S ENAAT A
P IAFNDEDOMEN T 3V X =235 R E D70, %
DI TP TN X — R DL B 2 KRNI AT
ZONEEL RS, 22T IREAR = LD S B R PR
YPV—=7HIC, ODSHIEEE TEAINS L ZiET
faErE L. LT EAMDOIEREADE IV ERATL —ITL
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BNV 7 Y — L AB TR R L7,

PV =L AIC KRS — MR DR EE D |
FT22ET, MI21TRT IR = b o BBEEIC o TR
DR TTREE 725, X 13 IEHRARTIC B 1T B
BIOHLEE) 2L ¥ — (TKE) 77fiz, /v 7> —FLA
ELARFRICBITIGIREANLT Y — bR O ER TR &
FELTRY, 7SV 7y — b L RTGIRCIRAERTZIR & Hils U HE
LRV PV — 75 TR DNE K D D TKEDMES 3 TETE
D, ZEEMZTANED ROIELGE A% FEBITE I LD
SN,

141225 RBRIC B 28 v 7V E R R B Cv 21k
BRI &L ORE, AFRICB U 2IRIE SV 7y —
N2 2 0ER R E U L 7 > 7 L S 2 L L 72 R
I 2eifiVE R S oz, EHMBOLEEEBIET 570
12, ZED BRI F VO TR IR G 1 FH O S B & AT L
TR 2 K15 10R Y, ERIERE IS LIASEL VD8 70
HIZBOWTEFREMETLTEY, X520 R0 EEL
TENZE AT B EDTTET,

N Wide valve angle
\

%surface
Sfrom INEport to chamber

e
by Valg:'sea less technology

f inflow bending
in crank-shape

EJ12 Comparison of design concept of intake port and
combustion chamber (New design with cold spray valve seat
(left), current design (right))
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Valve seat less

Conv. Valve seat
h (Cold spray)

Velocity

J
[mis] High flow velocity
along the EXH pent roof

_=
Less turbulent flow
along the EXH pent roof

K13 Flow velocity and TKE distribution (CFD)

TKE
[m%s?]

Good @ Nissan New Concept
© Nissan Conventional
A . s, / Nissan Conventional
— “ Dol D.. o Competitor
o o o" &
% Conventjonal benchmark
E 2 °
=
=1
1
0
0.3 0.4 0.5 0.6
Cv[-]

E14 Improvement of tumble ratio - flow coefficient with new
intake port and com-bustion chamber design with cold spray

valve seat
7 SER——
2 6 | @ New Concept
= AN < Conventional
S 5 eSS 4 Conventional w/TCV
854 o
£ 2 L3 Y2
= - ke \(-/.’,.' =
:;‘5 (1) ti; ‘;f Good
2 25 3 35 4 45

Tumble ratio [-]

E15 Tumble ratio vs variation ratio (Airflow test result)

3.2.2 wBYVIIREFE

SITRTHERINIY VTG, EARY NAEERE
THAE TR OER b BRSO IERRE DS D 51505,
ORI E CRINREN 2 HERF S 2701215, B 2L ¥ —
DIRIARIRE LY~ 7T IWACER TR E R EL e &
I, BEEG FOMIHREZ A NSCT R EHETHD, %
TGRS X Mo 7 h 3N h S iz E % &
AL, & 7D AR R OERIRE T
ZEGHEEEL, vy A= 2L BXMET AT MLy v
TR IRBE R IC X ) BB L 72,

HEFHETRIE TV VIENZIRETELZEDS
IWVTIAIY T ERIBETE, fERBETH 7L 7 )RR
ZHERL 7 MM D e W ER P EIITERZERIL, £/ VT
e KRB Ly 7 At =2kt Gbe, KI17I28759

1277 =R = NVEIDHEHETIRZ R L 72,
X 18Iz NS > 7 Vil b o3 A % A R 3G & LRk L ¢
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NS, DARTOAEREECIEREE L), v ) vy —h
RSN TATDS, BT aikaiharv e 7 b Tidy v 7 g
DR Z B PRI AL E L O EAD R VERIRET AL
NTE, FETEXEBYDY 7W%K TE,

Tumble vortex centre | 1
located at the centre L
of combustion chamber

,,,,,, Straight tumble vortex line

without bending or screwing

416 In-cylinder charge motion design to maximize tumble
conservation

Low aspect ratio combustion chamber  Tumble conservation piston crown
+Long stroke (S/D) *Ruggby bowl shape w/o Valve recess
+Wide Valve angle

E17 Combustion chamber and piston crown design for
tumble conservation

Vortex axis with bending Straight vortex axis

a) Conventional design

b) new design concept

418 CFD results of in-cylinder charge motion with
conventional design (a) and new design concept (b). (2400
rpm, middle of compression stroke)

3.2.3 EEFW@E&@%WE%?E

WA KRG DR ETGR DD, KT 77 o MES
mém@%vzwﬁwﬁ&ybw—7%mP@L&w:&ﬁ@
WChd, ZITARIFETIE, BET v 2R BEE IR
MLZWED T 79 7D % 72—k 252 L
ZEGHERFE L, KIINTRT XK T I 7Ly v 7
By A L LA VA T Y 95 sl R TE T L N D O s 1/ RSY -
A% R AR Z TR L 7,
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Guide the flow along with the
upstream surface

Keep distance from spark plug Tumble center position
to Tumble center toward the upstream of spark plug

E19 Combustion chamber design to guide flow direction for
appropriately stretched robust ignition channel

CDRRBEETEAR ERBER LIREIC X 25 » 7 MR DB b
BEZ MRS 272 0ICM2010R RS = > 2 I K B3PIV
(Particle Image Velocimetry) (2 & 2 [EAf T RO A AR E)
DO HLIRE 2T o7, 21120 KIFIEF% 40 degBTDC
2B B RBINTRE A O PIVEHIRS 2R3, mAK7I771C
239 8 v 7 NGRDIRBE S PSR TV — 7 THIEEE LT
KRDBEFRZAFLVEI) . ABEE LR OEAICKD S~
TR ARG UBABEES T ISR S8, IoICERICED YV
7R L EE R EIICEFEHIET, MKT 7768
TAHLECTORMAIERT2IENTE, RAT 7 7L
DI D—REE FO T B ZEDHERTE,

Flow direction corrected

Velocity[m/s]
parallel to EXH pentroof
_10 L b
E 0F" — . =
N
lO b -
-40 20 0 20 40 -40 20 0 20 20
X [mm)] X [mm]

21 Effect of the rectification pocket on the flow distribution around spark plug (PIV images, 2400 rpm, 40 deg. BTDC)t
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3.3 mENYRATLA

KT AT BIE, A HIRBESAE T ICE 1T 2258 L 741
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Wiy & FRkIc, EELEEO—OTHS, HiH [ TLE
L7 =0 F 2 2V OMEZFEBIT 570123, K27
LDEALDINEETH D, MAKIALNDEMEERIE, 7—7
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HET 270, HERPOEIINF — DK AT L%ZR
HL7 Fimke AT a2 @A, Cooled EGR 30%
M EDEGRIABERAZHEKTHI L TEL (K225 1),

E - o Conventional
% 30 ® New Concept ©
ﬁ 45 a o
3*? 40
o ..
- Kb
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m 25
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Flow velocity at spark plug [m/sec]

14 -O-Conventional -
—e—New concept r
< 12
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w
238
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o
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EGR ratio [%]

22 Comparison of stable combustion limit against EGR
between Conventional igni-tion system and new ignition
concept with high energy ignition system

1400
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1200 @, o * New Concept
o 1000 'Iitﬁg%c’
o o
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o o
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E23 Cyclic distribution of initial combustion period of CA ign-MB10% in relation to gas flow velocity at spark gap under EGR 30%
conditions on same engine configura-tion except ignition system

X231z, EGR 30% D4 TITB T % 5 KIER D D4 A
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Engine Type

1.5 L/ 3 Cylinder / Turbocharged

Bore x Stroke (S/D)

79.7 mm x 100.2 mm (1.26)

Connecting Rod Length 150.3 mm

Compression Ratio 13.5

Engine Speed @ Max. Power 4800 rpm

Valve train Roller Rocker

Fuel Injection / Injector location Direct Injection / Central Injection
Turbocharger Type Fixed Geometry Turbocharger

Table 1. Specifications of the new concept engine

4.2 MRIYATL

K3lcRm Ly yave Mot ki,
e-POWERHH > v DR AT LIE, IR E L
RAHI R R 2 TGN L7, JERICR B2 92
B4 21213, R 1W E W BMEP (Break Mean Effective
Pressure, [EWEHEMNTE: 22D 1347 VDL HE%
P cHl o7 ff) BETHD, £RARK30%ETOE
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BIESAMREE L, WEOFEINFIERL XN 2 iz 7 BSFC
(Break Specific Fuel Consumption, 1EBRBAEEZR) &
75 B ENE R T v 2 AR RIEGE B I o 2000-2400 rpm T
PES, BT 2 LR AR L, 2. RN
IUPVHEICBWTSH, BSFCEIfEMR EARRICEK 7Y 7> 3y
LEREEEEEEL, Rk oifER eI, T
TR 4800 rpmICiRE LTz, NS DEE 2 HBT 270
B9 —9 4271, Cooled EGR> 275 4, XU
e-POWER B Flilfatns ALy Py avt 7 MORE SN,
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tor AR O LR TRy Ey T RREH R T 5720
0—5—ayh—ROWE NIV T AT LEHRMALE, X25
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2OV 7 PHIREADSHEARRS TIRORINIRIEIC G2 2508 %R,
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Valve lift [mm]
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E24 Valve lift curve of conventional late IVC and E-IVC
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E25 Effect of IVC on the compression end temperature

FCHEIRA R LB WIEL, £y 2D D
Cooled EGRY AT LWERTH S, W hEETEDE
WEGRBZMER T 2720, MBELEMHEE 74 — Ny o
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B FEN MBI L . ZDOFER, Ry 7 BRI
ni,

Dedicated

Conventional

Reduced mass flow rate

Improvement
of PMEP

Pressure ratio

K26 Pumping loss reduction with e-POWER dedicated

Turbocharger

PR D AGEE & HTRLEE FT e-POWER B ALEAG D i
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27 Comparison of low pressure part of P-V diagram between
conventional turbo-charger and dedicated Turbocharger
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Fiction torque
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FEAD less

New friction technology
peeding and
low end torque cu
New L3 eng

E28 Friction reduction of new e-POWER dedicated engine
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Friction torque at 2000rpm

Current

Bearing surface roughness

E29 Friction sensitivity by bearing surface roughness

K30 Texture crankshaft surface
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E31 Improvement of BSFC realized by e-POWER EGR set
point and combustion stability feedback EGR target control
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432 Validation result of brake thermal efficiency with a multi-
cylinder proto-type engine. (Engine speed 2000 rpm, BMEP 12
bar, RON98 fuel)
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