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Abstract : The FFV engine technology that uses ethanol is emerging as a new paradigm for an alternative energy powertrain.
In this study, the combustion and performance characteristics of a 1.0 L TGDI-FFV engine were analyzed when gasoline-
ethanol fuels with various blending ratios were used. Under the test conditions, engine performance improved after
optimizing the spark timing. In particular, improvements in the torque of E30 and E50 fuels were 5.3 % and 7.8 %,
respectively, without affecting combustion stability. The ignition timing of the E30 and E50 fuels was further advanced from
the stock timing, reducing BSFC by about 3.6 % for E30 fuel, and 6.8 % for E50 fuel. Optimization of the combustion
characteristics was possible with the ignition timing control to MBT for the FFV engine, resulting in improved torque and
BSFC. Consequently, the authors suggest the necessity of improving the spark timing control strategy for the FFV engine.

Key words : Ethanol(°ll ¥+, Gasoline(7}4:%), Flexible fuel vehicle(FFV, 7} &2}2), Octane number(<=-E+71), Spark
timing(7d 3}~ 71)

Subscripts Anderson 592 o €& &3} ] &3} SEb7lol) #E
FFV  : flexible fuel vehicle TATE WEEE Y 1 e o ke dheko] &
ROHR : rate of heat release 7Vekr=E v g A o 2 Zrsitka skl aela
MFB  : mass fraction burned 02 Aol A Sebvlet ol ek 5 Alo] o] AAIE
CAS50 : crank angle at 50 % burn point ELe A AU 7} ofd o EFS o] B w2 Aaksle] A8
BSFC : brake specific fuel consumption 2ol A S RAFE FA S au s
S8 ol Aol Al 1.6 L AH<¢1E7] MPI FFV ¢l
L M2 o] R3})7) Alojol Bt ?3 2 Qast) gAl A
B AR A S A N5 A S HIA] A A Fig 190 eI, of FEV
W gl e e, Y U A g A% ks o] B AR "*Wlﬂ% 7HER E100 AR 2
& oAU B ol ul s el el A AA7] Sl ARRANE A gslel 2

E
QA% Abgo] 2843 9lek) 4 Hofol A o ]2l e Alo] A & ARG A9 ke

riﬂi&k&iok&r&rﬁrﬁ

- =:|

- C02 'H' = o =
Al th-&at7] f1ate] o ghEell thgt A5 el 18 el Qs a8S TAY 5 }lvke AREE 2t
afar gick. eflghe2 7}i%_oﬂ HlE co, MiEel A, AL Al R A S8l 1.6 LARIE] MPL <l 2] A
SE7P) 58 SAE 2L 37) wlell 20417 = H-E A7) A3 2Ae mEete] dXl 5ad B A N
7HER Xl o] oA AR = ARbE AT a4 AATEY
*Corresponding author, E-mail: yscho@kookmin.ac.kr
I'his is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License(http://creativecommons.org/licenses/by-nc/3.0) which

permits unrestricted non-commercial use, distribution, and reproduction in any medium provided the original work is properly cited.

1099


https://crossmark.crossref.org/dialog/?doi=10.7467/KSAE.2021.29.12.1099&domain=http://journal.ksae.org/&uri_scheme=http:&cm_version=v1.5

Y- 284 - OFHE - FBY - VY - HZY

—a—Stock Spark Timing

Spark Timing [CA BTDC]

0 20 40 60 ‘.‘ 80 100
Ethanol [vol.%]

Fig. 1 Stock spark timing of 1.6 L FFV engine
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Table 1 Specifications of 1.0 L T-GDI FFV engine

Description Specifications

Type 4-stroke T-GDI

Number of cylinder Inline 3-cylinder

Bore (mm) 71

Stroke (mm) 84
Displacement volume (cc) 998
Compression ratio 10.5

Fig. 2 Photograph of 1.0 L T-GDI FFV engine

Table 2 Experimental conditions

Fuel Stoichiometric Engine Load Coolant
air-fuel ratio |speed (rpm)| (%) temp. (°C)
EO 14.7 20
E30 12.9 40
2,000 60 90+2
ES0 11.7 > 80
100
E100 8.5 120

o= A% 3 FHEE 2,000 rpm, F-3H= 371
(Amount of air) 20~120 % A}Fo]E 20 % HA o2 47
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Fig. 3 Schematic diagram of 1.0 L T-GDI FFV engine test
bench
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Fig. 4 Stock spark timing of 1.0 L T-GDI FFV engine
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1102 s=2ASaA38E =237 A293 AH128, 2021

FH7) W] 21E7) ddur) o
Hia 144 o] BlEolu}

4
o sl WE 5L A3 ek of whize, 7]
& AAF7) A B2 A - Fre gL

2l

)

mlo

MBTE 7-50] 753 51 0.2 ettty

Fig. 72} 8911 2,000 rpm, & 713 120 % Z=719] Zt A&
3 AR ek B3 A E 3 MFB A 3 UER
T}k E100 A 80 A y5-ers] 2 el s H a3
91 %7} 20 °ATDC #3291 A o7 gl wgir}, 183l
E50, E30, E0 0.2 A2y Uyolel 9 Jug g a1
A A7 A7 = A o2 1 E Atk MFB 23S B

2000 rpm, Intake Air 120%

~
-

30
1 ’,
o
- S o
g 40 ol R
a s -
_E 30 = iy r L
£ 20 P
= "
e 1) —
s —
0
120
E0
- —E30 100
- . <E50
E100 80

40

ROHR [1/deg.CA]

20

60 -50 -40 -30 -20 -10 © 10 20 30 40 50 60
Crank Angle [deg. ATDC]

Fig. 7 Cylinder pressure and ROHR at 2,000 rpm and 120 %
load

2000 rpm, Intake Air 120%

0.0 —
30 20 -10 0 10 20 30 40 50
Crank Angle [deg. ATDC]

Fig. 8 Mass fraction burned at 2,000 rpm and 120 % load



Experimental Study on Performance Improvement of 1.0 L T-GDI FFV Engine

S-S E100 15.2] CA50°] ¢F ATDC 15 © T-ref| 4] 2
}\gg}o:]’ MBTZ ;_(]-53]_&_ 7—]& d.o]g-]_oﬂq_ EsS0 oﬂg_gq
CA500°] 2F25 °ATDC ol A B3} a1, E303F E0 94
1= ©F 30 °ATDC el A A3t E309 ES0 3=
& MBT Kt} @ol] A Zte]o] lgivh waba E303%
E50 Z119] A7) A& Soted s M 7Hs s
sfeta] Bkt

Fig. 99} 102 2,000 rpm, 5715 120 % 37114 E30
I} E50 159 A3A7] 2o e AUy E-H
2 DIYEY MFB A3E HolFrh 1RlS Fharshd,

,Q. Bo 1 = =
A7) Azhs F8l Ay e 2 Il E A
2000 rpm, Intake Air 120%

100
E 80 [ s
% ‘_-' I A N
.?; 60 | 'i \;_\
i M IS
= 40 /1 R
'g 4 '/, F i,
= L DL iy
S T -
0 ——
150
E30
~ |~ E30_Spark Advance (10.50°) e 130
- ES0 [H l‘ i 110
~—ES0_Spark Advance [10.50%) | | | | T
/1
; 7%
/ v
f 502
/! =
! 30 =
/4 . é
L S B e LA L 10 =
-10
-30

-60 -50 -40 -30 -20 -10 O 10 20 30 40 50 60
Crank Angle [deg. ATDC]

Fig. 9 Cylinder pressure and ROHR of E30 and ESO with
spark advance at 2,000 rpm and 120 % load
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