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Abstract

ABE (Acetone-Butanol-Ethanol, ABE) fermentation is one of the major methods to produce bio-
butanol. The goal of this study is to investigate the combustion characteristics of the intermediate
product in the production of butanol, namely ABE in a spark-ignited engine and hence to make an
attempt to affirm its potential used as an alternative fuel for ICEs. Acetone, n-butanol and ethanol
were blended in a 3:6:1 volume ratio and then blended with pure ethanol-free gasoline with dif-
ferent ratios to create various fuel blends. These blends were tested in a port-fuel injected spark
ignited engine and their performance was evaluated through measurements of in-cylinder pres-
sure, and various exhaust emissions. ABE is combusted faster than gasoline and n-butanol due to
its higher laminar flame speed. Brake Special Fuel Consumption (BSFC) was seen to increase and
NOy was seen to decrease with ABE fraction increasing, with pure ABE achieving near-zero NOx.
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BT AN RS IR E TR A BRI IR, AT A= A9 T B2 ABE R ERZE WA H 25 527 .
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Table 1. The chemical and physical properties of the fuel [8] [10]
2 1. R ER (L M BR8] [10]

T H awid] v T IR
AT, Cs-Cr C;HsOH C4HgOH CsHsO
414%(C, H, O) (%) 86, 14, 0 52,13, 35 65,135,215 62,10.5,27.5
R HE (MIIkg) 43.4 26.8 33.1 29.6
2% (kg/m®) 715~765 790 810 790
fie 2% 5 (MIN) 32.20 21.17 26.81 23.38
FIRE(R + M)2) 20 100 87
a5 (C) 25~215 78 118 56.2
SALTEH(25C) (kIkg) 380~500 904 716 518
H R ('C) ~300 420 343 465
HIR TR 14.7 9.0 11.2 9.5
IREWIHEMIM®) 3.72 3.85 3.82 4.04
20°C T 7K #% 4 (m1/100ml H,0) <0.1 — 7.7 —

Table 2. The characteristics of the mixed fuel tested

32 2. MRER SRR ROFF I

SHE S b KHVE(MI/kg) HRR AR LGN O RE R B (MIN) IR AHREL
G100 0.739 43.44 31.78 147
ABE20G80 0.751 41.05 30.85 13.84
ABE40G60 0.763 38.74 29.60 12.98
ABE60G40 0.776 36.50 28.32 12.13
ABE80G20 0.788 34.33 27.08 11.27
ABE100 0.800 32.23 25.78 10.42
B100 0.810 33.10 26.81 1.2




E4eng 4

L3RR EE L ARSH. KEHLH Megasquirt 11 V3.0 ECU #5411 Fh {2 il 38 A RCR R B
BHIEE 5, RIS RSN E (RPM)FIR SILE T (B R 77, MAP)HE UK IERT (UK ERATA) . HHAS
15 FH (02 A IS0 25, 7EWTH R /38 3 bar i), HAUE WA 440 B P 5 EK

NO, M A H13E7E & SIFLAIHES 5 | Horiba MEXA-720 ZUEALY A SRRERM & . RIRGE (%
ZA B — 4 A0 BK A Horida MEXA-554U SRAERIBCR I & . BREHRAE RN HE RS b, f15RAE
EREHIE AL RIGR.

ERXTE LA, e AR, KRB € 72 70 KPa. s K IER % & 7 20°BTDC, A #kf%
B A K1 NO, P-4 60 B — Ik, T ARSI AW —EAm. SRR HE RS A 5L BB
HE o Hr e s thah, T BRREEIET Y E 77 i 2 3 B LT A 1) 22 5%

i R R UEV I, DR, XTI, TR R AR AR R 1 S Al R i — B
B o IR AE =ANANF ) R S FE T 34T (900, 1200 A1 1500 RPM). Ml 55041 -4 4.

4. WEERS O

Pl 2~V 8 NI J2 SO 2514 71 X Rk 4 e AN B 0 R 4 R
fifer L
M=
\ /ﬁlﬁé\?:. <z 1&—\‘
L
SEIHL | P2 _
7 &
J T
- P,
HS U I
e A
N - 45 SR
V5 K] TN
Hr i T \/
ABE
Figure 1. Test unit diagram
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Table 3. Main technical parameters of engine
3= 3. R EERARESH
TH 4
HLARImm x 47 FE/Imm 95 x 115
TAERFUL 0.8
FE4E L 13
A1 IFHEE/Imm 6
AT E(VO)/'CA ABDC 70
HET155H(IVC)/"CA BTDC -80
HES T 1JTJE (EVO)/°CA BBDC 70
HER T T5<HI(EVC)/"CA BTDC -80
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Table 4. The test conditions
% 4. MREH

RENHLELE(RPM) 900 1200 1500
S5 (Nm) 19.2 17.2 15.8
AT (< MAP) VA4 Ik $(~70)
HEH 0.95~1.05
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e Ea] 3 bar
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Figure 2. (a) Different fuel pressure curve at 1200 RPM; (b) The position of
peak pressure
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Figure 3. Combustion quality score distribution for different fuel in 70 kpa,
1200 RPM (20°BTDC)
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Figure 4. Different fuel effective specific fuel consumption (BSFC)
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Figure 5. Different fuel unexploded hydrocarbon emissions
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Figure 6. Carbon monoxide emissions of different fuels
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Figure 7. Different fuel CO, emissions
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Figure 8. Different fuel NO, emissions
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