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Summary

Bio-ethanol fuel attracts attention in recent years. FFV (Flexible Fuel Vehicle) that can run on E22
(ethanol 22%, gasoline 78%) and up to E95 (Ethanol 95%, Water 5%) has become popular in Brazil. Since
ethanol is a single-component fuel that does not contain any low-boiling point components, vaporization
and combustion performance at low temperature need to be improved. FFV for Brazilian market are
generally equipped with sub-fuel tank systems to avoid cold startability and driveability problem.

This paper introduces our newly developed sub-tank less FFV that can use E95 by optimizing

compression ratio and valve timing, and taking advantage of the direct-injection system of our

SKYACTIV-G engine.

1. [FC&HIC

AR, HIBRIERR L ~DBLOE E W 25D, FATTHERE
ThHhHNAA AT ) —APEHESNTWEHO, LT, BE
I27' 7 P TIRE220> HEISITHHG LIZFEVS S 2 LTH
D, 7TAV AT —a vy XTHLH YV UNHES, (=4 )
—N85%, YV 15%) \ZxG LIZMFFEVAE & Lo
DHHD G,

L, =X ) =R R RS B A E T O RGO
BREFCH DIz, =& ) —EkHEHBEAREE LTHEAT
LBRCIE, WRTCORILEGE L RESCES I E 2 D, €
D=, 77 PN OEISIZHIG L= FEVIZ—%z
THUTEOBNT AT AERAL, 2oV T X7k
BECHLERET IR AT HDE22% AN, HEITIEZO
E22% M54 5 = &2 K » THABMER I TIE 2 T35,

L2L, SKYACTIV-GO &EMEt D DER = 2 T
BB R A RKICIEATIE, BTHLY ) Y FNT
E950fafiARIE WA D IREE(EY, E95E KL E D
TENARETH D EE L, BBIHIS LY T2 LR
FFVOBF & 1T o 72,

2. BREH

FFVIZIZT7 7V TE LT HE2220: 5 E951T% S L7z
FFVE, BN, KE, A4 TEHELTHH YV U 5ES5IC
K LTEFRVOREENGFIET 5, =% ) —NVBLXOH Y
U oMk G, BRREES R EWVOIXE22) HEISIZ %t
IELI-FFVTH 5, D7, BB TE Do
LTxE, EEELRETHOTY /) — /RSB CoE
ELRIETCE D LB X, £ T, ZOEBNERTDHT
T VNG EIE U CBR S 2R E Lz,

*1, 2 AT BREEMEREBHIEED
Driveability & Environmental Performance
Development Dept.

*3 INT— kLA AT LBIFEED
Powertrain System Development Dept.
*4~6 TV U PEREBEFEED
Engine Performance Development Dept.

—197—



EQVE R ;|

No.32 (2015)

21 BE, BHEH

Table 1Z7RT X 9 ICRIRRERE LT 7 UL ORIER

ZHDETHCE L, £/, FHWRENL T T Pk
LTV DKL FIREICE22 & & Kk5%DEI5s & L=,

Table 1 Evaluation Temperature and Evaluation Fuel

Minimum Temperature |-5degC
Fuel E22 Ethanol 22%, Gasoline 78%
E95 Ethanol 95%, Water 5%
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Table 2 Specifications of Base Engine

Fuel Gasoline
Cylinder Type In-line 4
Bore x Stroke[mm] 74.5 % 85.8
Displacementcm3] 1495
Compression Ratio 12:1
Valve System DOHC 16Valves
Hydraulic In-WT
Fuel Injection System Direct-injection
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Table 3 Fuel Property of Gasoline and Ethanol

Gasoline| Ethanol
Chemical Formula - - C,HsOH
Theoretical Air Fuel Ratio - 14.6 9.0
Density glem® | 0.75 0.79
Octane Number Ron 91-100 111
Low Calorific Value MJ/kg 44 27
MJ/Air kg 3 3
Latent Heat of Vaporization| MJ/kg [0.30-0.38] 0.84
Boiling Point degC | 30-200 78
Flash Point degC -43 13
Reid Vapor Pressure kPa 50-80 20
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Fig. 1 Evaporation Properties of Gasoline and Ethanol
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Table 4 Technology of Sub-Tank Less FFV for E95
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Table 5 Specifications of Gasoline Engine and
Sub-Tank Less FFV Engine

Gasoline Engine| FFV Engine
Fuel Gasoline E22-E95
Cylinder Type In-line 4 In-line 4
Bore x Stroke[mm] 745 %858 74.5%x85.8
Displacementcm?] 1495 1495
Compression Ratio 12 :1 14 :1

Valve System DOHC 16Valves | DOHC 16Valves

Hydraulic In-VVT | Hydraulic In-VVT
Valve VO ATDC8degCA | ATDC8degCA
Timing |IVC ABDC82degCA | ABDC60degCA

Injection System Direct-injection | Direct-injection
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Fig. 10  Algorithm for Estimation of Ethanol Concentration
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