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ABSTRACT

An experimental investigation was carried out on a single-cylinder four-stroke spark-
ignition engine fuelled with methanol (M100) and ethanol (E100) to study energy
efficiency improvement and emissions reduction using oxygen-enriched air and increased
compression ratio. Additional oxygen from the external supply from the cylinder along
with the main source of oxygen inducted from the atmosphere called “oxygen-enriched air”
was injected into the engine’s intake manifold. The compression ratio of the engine was
increased from 9.8:1 (base) to 10.6:1. The performance, emission, and combustion

characteristics were analysed with M100 and E100 fuels compared with base gasoline.

The results indicate that brake thermal efficiency of the engine at MBT spark timing
increased along with emissions (CO, HC, NO) reduction with M100 and E100 compared
to base gasoline. The performance improvement and emissions reduction with M100 are
higher than that of E100. The brake thermal efficiency was higher by 4.5% with M100 than
E100. The emissions of CO and HC were lower by 4.7% and 23% respectively with M100
and NO emission was higher by more than four times with M100 compared to E100.
Further experimental studies were carried out to enhance thermal efficiency and emissions
reduction with oxygen-enriched air (30-40% by mass). The emissions of CO and HC
decreased drastically along with improved thermal efficiency with the oxygen-enriched air.
The brake thermal efficiency increased to 19% with M100 which was 12.8% with base
gasoline. The CO and HC emissions decreased by more than 75% compared to base
gasoline. However, NO emission increased drastically by more than three times with M100
compared to gasoline. In the last phase, the experimental tests were conducted on the engine
with an increased compression ratio and oxygen-enriched air. The brake thermal efficiency
increased by 9.4% which was the highest with M100. The CO and HC emissions were the

lowest being 0.63 g/kWh and 0.017 g/kWh respectively with M100. The main reasons for



the improved efficiency and emissions reduction include high reactant temperature and
pressure at the high compression ratio, increased oxygen concentration, high heat release
rate, and better combustion. The performance improvement and emission reductions are
higher with M100 than that of gasoline and E100. The main reasons for better performance
with M100 include high flame velocity, absence of carbon-to-carbon bond, high oxygen
concentration, and fewer intermediate species such as formaldehyde during combustion

compared to E100. The performance of the engine with E100 is better than base gasoline.

A notable conclusion emerged from this research study is that a spark ignition engine
fuelled with methanol (M100) with oxygen-enriched air (35% to 38% oxygen concentration
increased from base 23% in the atmospheric air) and increased compression ratio could
provide the best performance improvement and emissions reductions compared to ethanol

(E100) and gasoline.



qR

3TeRIH-TH% 81 3R ¢ 8T YU MU &7 UGN I Holl gerdl § R 3R
IS | HHT BT 3T B P oI AYATA (M100) 3R AT (E100) P TTY 3¢ a1
RiTa-Ricier BR-EI® Widh-3HRA $oF W T6 URIRS o & 1B Ridsr I a8
MY § Sifafvad Sfiaiom & TY-TmY " 3ffeRiioH-99< gar" ATHd ardaravul I YMHa
SRS & T Ad DI G0l & FAcH HHDIcE T Soide fohal T 1| Soi &I Juter
(AT 9.8:1 (3MUR) T TGTHR 10.6:1 P 01 T | I TR BT a1 & M100 3R E100
S & 1Y TG, SToi IR G- [aRvarst &1 fazaiwor fosam |

RO} § Hohd AT § fo THeiIe! Wit TSR IR 39 &1 sd Y c&dl & 3fs 85 o,
1Y B 9 Tl B gaT § M100 3R E100 & H1Y Ieqor (r3f, Tadt, Taf) & wt
31TS 81 M100 & ITY U&= H GUR 3R I & HH! £100 B a1 H 31 81 £100 B
I & M100 & TTY S YHA G&dT 4.5% 3% AT M100 & TT €O 3R HC FT ST
HUR: 4.7% 3R 23% HH U7 3R £100 Bt AT & M100 & T NO I IR AT SHfAH
T | SfRIToH-THG BaT (GTHM ¥ 30-40%) b I Y T&dT 3R Iqo & HHI B Fg™H
& forg 3 & Ui e fort Y| SHTeRfS god gaT & 1Y IgaR Ui gerdl & Iy
3t 3R T B I | U HHT 31 81 M100 B JTY b YH &Il SGhR 19% BT TS
S S e & 1Y 12.8% Ut 9 A o1 gam & el iR Terlt I H 75% A
3P BT HHT M B BT, T B! gA-T H M100 F Ty NO I H diF 1T I
31 o1 g g5 | 3ifow =Ru &, §¢ gu AUts Srurd 8k SHTRfio gad ga1 & 1Y S5
TR U TRI&0T fohl 7T | 5 YHS G&aT | 9.4% Bi i s oIl M100 & 1 Tad 3HfAH
Y1 M100 & TTY €O 3R HC IO T HH HHT: 0.63 g/kWh 3T 0.017 g/kWh UT| IgR
G&faT 3R IoH A ST & T HRUN H I Ufafehariia araem iR 3= Jdte srurd
IR a4, TRISH Terra # g, I THf el @R 3R dgaR g8 a1 uexH o
JUR 3R IToi- H HHT T 3R 100 BT AT H M100 & 1 3HTIH &1 M100 P 1Y
SR TR & g RO H I Al A, HTe-9-Fla- seq o1 Sufedfd, 3= sifaitorm
g, 3R HH Aad goiiadt o fos £100 B T H G81 & QR BIHATSERS XM
€1 E200 AT §oiF B! IRGIAY 9 TIeH 9 S8R |




U MY YT Y Th Ieara-1g (sh s fAder g fob M100 $919 & W1 S44 aTa U W1
SR S SHTRTTSH gord gaT (@RIHS AT §aT T o 23% A 35% W 38% SHIdioT U Ul
gf) 3R 9¢ gU TdTS 3urd & Iy TTferd 84 WR E100 3R TIeH &1 o # 3
G&fdT 3R HH IO & 1Y IgR UG HX JHhl g
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