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ABSTRACT

The transport sector is in the transient stage transforming from conventional fuel to decarbonized
fuel. The Dimethyl ether (DME) as fuel gets more attention for compression ignition engines as it
has lower carbon content fuel (DME: 0.337, Diesel: 0.516) and higher cetane number (DME: 58,
Diesel: 51) compared to conventional diesel. The fuel could be stored in a liquid state at high
pressure (above 5 bar) in cylinders and converted into a gaseous state at atmospheric (standard
temperature pressure) conditions. A DME fuelled compression ignition engine could operate with

low levels of NOx and particulate/smoke emissions.

A four-stroke common rail direct injection (CRDI) single cylinder automotive compression
ignition (CI) engine with a rated power output of 8.2 kW at 3000 rpm was used for this study. The
engine’s hardware was modified for operating under dual fuel mode (DME-diesel). The DME fuel
was injected into the intake manifold of the CRDI CI engine, whereas diesel fuel was injected
directly into the combustion chamber near the end of the compression stroke. The maximum DME
energy share (DME ES) at optimum injection timing (15°BTDC) for all loads is limited in the
range of 52% to 63% due to knock occurrence and uncontrolled auto-ignition (UAI). Further, the
combined strategy of retarded injection timing (12°BTDC), split injection (25°BTDC) and exhaust
gas recirculation (EGR) extended the maximum DME ES from 52% to 72% by mitigating the
knocking tendency. Smoke emission decreased drastically to zero level at higher DME ES.
However, NOy, CO and HC emissions increased. Hence, the engine was further modified to
operate under homogeneous charge compression ignition (HCCI) mode fuelled with neat DME
(100%). Zero smoke and ultra-low NOx emissions were observed under DME HCCI mode.
However, reduction in load due to knock and increased CO and HC emissions were observed under
DME HCCI mode. Further, the maximum load of the engine with the EGR under HCCI mode is
extended with controlled auto-ignition (CAl). Further, the experimental tests were conducted on
the engine with hydrogen addition under DME HCCI mode. A compression ignition engine fuelled
with DME under HCCI mode could operate with enhanced hydrogen energy share (HES),



improved energy efficiency and zero smoke emission with ultra-low CO, HC, NOy, and CO;

emissions.

A notable conclusion that emerged from this study is that the compression ignition engine fuelled
with DME under HCCI mode with the EGR and hydrogen could reduce the smoke emission to
zero level with ultra-low levels of other emissions (NOx, CO, HC and CO>) along with energy

efficiency improvement and extended the maximum load limit by mitigating the knock tendency.



aRagel &1 IRIRE SueT ¥ fAaesliad U # FUARd gl & Fhaoll o 7 g
SUS & & H SANRNS S (SUAS) ANS Saolel Solel & 3T €T HTh¥A il
g Fdifch SHH IRUNSD Srofel T Jolell H HA HIdel IRMETT SUA (SITHS: 0.337, ioTer:
0.516) 3T 3= T EAT (ATHS: 58, SaTel: 51) BT &1 35U I [{oi=T & 3= garg
IR & FIW) W T HTEAT H WG Ha1 o1 Fher § AR agAsT (At
dIAT gard) gRaer # R saear & gRafda Far 51 I&ar g1 3vas sua R
IS Saolel Sofel 3T T & UA3NTHE 3R fafdera/ & 3cholel W SR & Hehdl
gl

3000 IRYTH R 8.2 fhallare &r g T oafFd & H & AT IR-ICIH AT I
SRRFC AT (MIRSIAE) T Foist JiRAF s sade (HE) ST AT
39T 38 HEITST & foIv foRdr amr | S9id & GEAW HI gfd 4T yomell (AS-
SIoTel) & dgd THlfold o¥el 8 FIAR fHdT 17| SIUAS SUT &I WMIRSN3MS A3
ol & eI SEHW A HAAd fhar I, St Sstel $ue A TS T &
fAhcadt gl ae & O JT: AT RaT 7| SSCdH 37cT:8790T HIeTATIeT (150 SIEISrET)
R 3IfFdd vAs Far iU T gER F HRT #A (SvHAS SUd) e "ear 3R
HfITIT ifF STI(IUIMS) F FROT 52% ¥ 63% F IREX H AT &1 $8@F 37cman,
HAE 81907 FHIGTHTS (12° SEESRT), TFHTFd 37d:a9or (250 SIEEM), 3R Hatas
Yol EEROT (FSMIR) B GFATI HRATT A A1fhar 1 ggier 1 Hg Fd §U e
SIUHS SUH & 52% @ 72% deh o1 f&ATI ¢H IcHalel 3 SUAS TH W L T
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% IcIfF T § FA & AT gTelifeh, TA3Nverd, W3 AR Todl 3cdoi # Jefe g3
3T, TIT SIUAS (100%) §91 ¥ o g5 Foid N FAWT TSl FhsA Sdeie
(TaEEN3MS) Al & T Tl et & 3R 318 FUART v a2 | e gH
3R 3T AT 3o A TS AlS & dgd 9aid fhar mam| gy,
ATAS TIHRABTS A & JJNT Al & HRUT AR 7 Felr 3R @3 J21 Tl 3791
# g™ UfaTa 1 715 | S 3eldl, TIHIHISTS AlS & T6d Soll3R U Fofel &l JHTUdhdH
SR IET O Saod (WU3E) T d¢ Sl ¢l 91T &, vaAs taaisTg Al &
ded gssleld aded alell Sl W UrAifdies qdieqor frw 3| vad i3S |ls & dgd
SitAg ST ¥ R dWIs Saod g aflid @Tsgiee ol 3 (TISUH), Sga ol
S 3N IcToq I3, T, TANIUFH R W3 2 ISl HROT T YA ScHowed

& 1Y JAIToId & bl gl

SH YT U Ut Sea@d1 oshy g § 6 S 3R gssiole & SRoT Tadesms
HIS & TEd SITAS U @ HT HNSH Saclel Solel Joll gud H FUN & FL-AY
IcTeT TR W T Scdole (TAINTHH, T, TIE 3R 3 2) W §U YT & Icdolel
FT T T aF A I Tl § AR A6 9gfa # 7g FF ARSI AR AT FaT
el &
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