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Enhancement of Low-temperature Combustion in Flexible Fuel Vehicle (FFV) Engine
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A variety of vegetable oil-based alternative fuels
have been suggested in recent years with a view to
preventing global warming due to the CO, emitted by
internal combustion engines. One of those fuels is bio-
ethanol. Flexible fuel vehicles (FFV) that are able to
run on varieties ranging from 100% aqueous ethanol
(E100) to a 22% mixture of ethanol with gasoline (E22)
are in use in Brazil. Ethanol is a single-component
fuel that does not contain any low-boiling-point
components, and there are issues with combustion
at low temperatures. The optimum compression ratio
was selected to enhance the combustion of ethanol at
low temperatures. The flow was also raised and low-
temperature combustion was enhanced by operating
with one intake valve. In order to raise the commercial
product appeal when using E100 at low temperatures,
a new engine control was built exclusively for
the FFV. Through the use of these technologies, a
dedicated FFV engine was developed that achieves
a balance of commercial product appeal and power
output when using E100.
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Table 1 Fuel characteristics
Gasoline | Ethanol
Octane number RON/MON 93/81 110/92
Boiling point (°C) 25-200 78
Latent heat of evaporation (kJ/Air kg) 30.2 101
(MJ/Air kg) 2.95 2.99
Low calorific value (MJ/kg) 43.4 26.9
(MJ/L) 32 21.2
(Weight) 14.7 8.9
Theoretical air fuel ratio
ot | w1 [ e
Ratio of the number of moles of combustion
before and after 1.07 1.14
Specific gravity (kg/L) 0.737 0.789

Table 2 Engine specifications

Fuel Gasoline
Cylinder configuration | In-line 4-cylinder
Bore x stroke (mm) 81 % 87.3
Displacement (cm®) 1799
Compression ratio 10.5
Valve 2 intake valves
Valve diameter| In. 32
(mm) Ex. 26

3. BN I &/ — LIRS MR

3.1, (KB OB EEDIERR

Table 2 1258k = v ¥ v DAk AR 7. Fig. 112 E100 &
AV Y ORETEE A 2 GA OIKIRFO THC
(Total Hydro Carbon), CO, DI AE/RT. 77— b7
A F MY OEERT (-60 kPa) & RS D& AT (-13
kPa) THE A I Z % 572, E100 3 AMTiE THC %
W FE & LT, ET00 KWk R oy 28 6 <, ST E
KEOWZ2D, SEMTIEREOBBZERICEAETE A
WhEHTHBHEHELONS. ThEeRMT8RELT,
CO, DHEHFFEZ Y » FRANTHMHATD 5.

32.FFV I8\ 2 R4 Ednetd

FFV X E100 1 & 2 (K AaE) 28 K 7 7= 8, (RIRAAE)
HHO E22 Akl 2 v 2 LYY 2T 4B LTS,
Fig. 2 3 MBBIEZOBEIOENITITEZRL7ZEDTH 5.
FERRAMEIRIE DB D WELGT 75, BRI =il IR D R} oD g
WHEERL TS, R E22 12K DEEIL, ZD%
E100 2] & 2 5. E22 12 & 5 #fin I m Enw 2 &
PLE UL, ZOA FFEV Cillfings K # 2 5051,

1. E100 % Hw % FRYEE oM@t (Fig. 2 X A)

2. RS URRE O m A RO FEAT (Fig. 2 [XIvh B)
Th5.

3.3. E100 I & 2 1aEhatER
E100 (= & 2 (RS 5UR Oha 81 % sl 5. Fig. 3124+

Sl & AEEIER O BIR A28 3. S AGROIK TSy, 4
RS R < & 5. HERNG B GEIR O = & 7 — L o5
DIETIZ&2EEZE5N%. 20 CETEL0 THEIT2Z
LEERT D&, WEIHER 3.4 sec ZTEMET A LEN D 5.

16
Real air fuel ratio is
| %shn‘ted.
S
S 12
o
10 | /’ Engine speed :1500 rpm
o Ignition timing : MBT e
Tw : -10°C
8 L L
—e—E100 Intake manifold pressure = -60 kPa
—O =E100 Intake manifold pressure = -13 kPa
—&—Gasoline Intake manifold pressure = -60 kPa
=7\ = Gasoline Intake manifold pressure = -13 kPa
30000
25000
£20000 +
g
~15000
o
E 10000 r
5000 r
0 L L L L
0.6 0.8 1.0 1.2 1.4 1.6
Excess air ratio
Fig. 1  Characteristics of excess air ratio at low
temperature
Main inj F--------------/ A
(E100) . Hard to start
Sub inj Hard to load change
(E22)
,,,,, High ambient temperature
—— Low ambient temperature
Engine Engage
speed Idling
Cranking
Time

Fig. 2 Fuel used at starting and after start
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Table 3 Comparison of engine performance when
using gasoline and E100

Engine type Gasoline
Fuel Gasoline | E100
Bore x stroke (mm) 81 % 87.3
Displacement (cm?) 1799
Compression ratio 10.5
Valve 2 intake valves
Power 97.8 102
Max 165 173
Torque (Nm) - =600 rpm 147 151
Starting time (sec; Ta = 20 °C) 0.5 3.4
Ambient temperature limit (°C) -25°C 15°C
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Table 4 Test result at low ambient temperature

Engine type Gasoline FFV (optimized)
Compression ratio 10.5 11.5
Intake valve 2 intake valves 1 intake valve
Ignition timing (Fast idle at low Tw) MBT MBT + 5deg
Throttle opening angle (Engine start) Normal Close
Fuel E100 E100
Starting time (sec; Ta = 20 °C) 34 2.0
Ambient temperature limit (°C; at load change test) 15 -10
Table 5 Test result of engine performance
Engine type Gasoline FFV (optimized)
Fuel Gasoline| E100 | E22 | E100
Compression ratio 10.5 11.5
Valve train system Normal VTEC

Low engine speed

High engine speed

2 intake valves

1 intake valve

2 intake valves

Power (kW) 97.8 102 101 105
Torque (Nm) Max 165 173 171 177
2000 rpm 147 151 150 162
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