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Microstructural, Mechanical and Wear P:roperties
· of Friction Stir Welded AA6061 /AIN... Comnosite Joints
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Friction stir welding (FSW) process i.s an appropriate welding process to successfully join the aluminum
matrix composites (AMCs) reinforced with ceramic particles. In this s.tudy, AA6061 AMCs-rcinforccd with
'JO ond.20 weightpercentages of aluminuntnitride particles (AlN) werewelded by FSWprocess. Theeffcct
of FSW <>Jl microstructurc, microhardncss.:md h.insi1e stieligth of AA6061/A1Nr compositejoint$ aswell as
wear behavior of the weld zone: (WZ) was analyzed. Itwas found t'hal rcil'lforcemcnl particles,wcrc broken
and J'Qgmeritcd in the weld zone ofFS-weldc!l'. coniposite Joinl~. Micrnhai-dness ohheweld zone w:is higher
compared to other metallurgical zones. Average mierohardness at the WZ of AA606120 wt.% AI
composite was 134 HV \vhich is 36% higher .th.an that of its base composite. U was observed !hat grain size
of the AA6ll61 matrix was refined at I.heWZ. Average grain size of AA6061 alloy was 138m which was
reduced to 3.8 pm at the WZ of AA6061/20 wt.% of AINp composilejoirit. Around 90% ofrbe particles size
in fhe WZ was reduced to less than 5 m from the relativdy Ja:rge size existed . .in the base composite.
Uttimalc lcnsifo strength of FS-wcldcd AA6061 alloy was 151 MPa which iucreased to 231 MPa in FS
welded AA6061/20 wt.o/o. lN, compositejoint. Wear rate of l!'S-wel.ded composite join ls was less than that
of its corresponding base ·c,ompositcs under the samewear testing conditions. Aver,agc coefficient of frktion
at theWZ of FS-weldcd AA6061 alloy and AA6061/J0 and 20 wt.% AIN, was (ound to be 0.41., 0.33 and
0.22, respectively. Wear mechanism of FS-welded joint was cbaractei-ized to be abrasive.

g

Keywords . aluminum matrix-compos ite. AfN particle. friction stir
welding, tensile strength

1. Introduction

Aluminum ma.trix. composites (AMCs) reinforced with
particulate form or ceruuiic rein forcerucnts are extensively
employed in various engineering applications because AMCs
,~x.hibit superior meclrnnical and.tribological properties at room
and elevare(I temperature, However. it is necessary to develop a
welding procedure for AMCs to achieve wide.spn:ad iudustdal
applications because fabrication of virtually any complex
structure requiresjoining of its components. Both conve)1lional
amt modem fusion welding proce.<;J;cs were applied to join
AMCs by several n:sen.rcbers {Ref 1-4). Unfonunately, jo1nts
made by fusion welding processes possess many defects and
were not suirobJe to serve its purposes (Ref 5-7). The problems
are attributed to heating of aluminum matrix above itsmelting
poim during fusion welding process. Thus, it is essential to
develop a procedure to weld AMCs without aITee!iug. its
superior properties so that AMCs can be cffjciently employed
in various critical engineering applications.

• Ashok Kumar, Department_ ofMechanical Engin;:ering, Nandhu
En gin e e r i ngCollege,Vikkaal Medu, Erode,TamilNad@638052,
~- Dlnuluu,•.m, IDM-JoTrittiili . Department of Mechanical

. Engineeting, Tsinghua University, Beijing 100084, China; and
N. Murugan. Oepµrtmcnt of Robotic;; and Automation Engineering,
PSG College of Technology, Coimbatore, Tamil Nadu 641004, ll)dia.
Conim:t e-rnnils: ashokbktimar@ynhoo.c-0m,
dlnaweld2009@gmai1.com, and drmurugan@gmail.com.
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Publishc<l.onlinc: Ot September2021

Solid state welding process is an appropriate process for
joining AMCs to avoid the above said problems. Among
various solid state welding processes, friction stir welding
(FSW) is alowenergy, autogenous,hot shear, green tecluiology
that is mqsl suitable forjo1ning AMCs (Ref 8). As {he quality of
joints made by FSW process under optimizedprocess condition
is almost compatible ,vith base composite {Ref 9, IO), it is
currently employetl in ship building industries, aerospace
applicution~ aud so on where there is ti.O compromise iu i.vcld
quality (Ref Ll, 12).

Dinaharan and Mmugan (Rer l3) studied the- influence. of
1ool rotational speed. welding speed and axial force on tensile
strength on AA6Q(il/l0 wt.% .Zr.83 .composite· joints. The.
mttximum tensile strength was obtained wilh tool rotational
speed of 115.5 qJm~ welding speed of 48,8 mm/min and axial
force of 5.9 kN, Defects were found in tlwjoints produced on
either side of these parameter values. These patterns were
fun.her confirmed by few other researchers (Ref 14-16). In
additiqn to 1ool rolalional speed. welding speed and axial force,
FSW tool geometry is another significant process parameter lO
influence the material flow and joint prQpcrlics (RefH),

Faradonbeh et al. (Ref 18) investigated the effect ofdiflerent
tool pin profiles (viz.. cylindrical, triangular. squure and
hexagonal), tool transverse and rotational speed on the
mierostructure and mechanical properties of FS-welded A!-2
vol.% E¾C composfte which was fubricated by accuri'iulative
roll bonding process. Tile join:t ma.de with square profile pin
reveaJoo het.ter mkrohardness and tensile strength as BC
particle dispersion. in the weld zone was honiogeneous and
finest insize. Elangovan andBalasubramanian (Ref 19) studied
the influence of tool p.in profile and tool shoµlc\cr diameter on
joiMstrength of FS-welded AA606I alloy of thickness 6 mm.
TI1ey repm;ted rbat the 18 mm shoulder diameter made defect
free welds regardless ofpin profiles. Similarly, the joints made
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Expe:rimental investigations of vibration and acoustics signals
in millin . rocess usin ka ok oil as cuttin fluid .
Subramaniam Shankar'.[urugasamy Manikandan GunasekaranRaja", and Alokesh Pramanik"
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' School of Civil .ind Mccha11ica1 Engi:noeriug, Curtin University, BcntJey. WA, Australia
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Abstract. Vcgetablo oils. urc found as the feasible alternative for convcutional minerals oils. There htl.S been
many environmental and health issueswhich are spotted withthe use ofconventionalcutting fluids. Therehas
bcou a greatdcrua1:tl fortlovclopiugncw ouviroumcntally fricndly •vegctnblc.bascd cuiting_.fhtlds t9-rcllucc these
harmful effecfs. lu this present study. vegetable based kapok oil is usedas a cuttingfluidduring milling fo study
its consequences over other conventional oils. Tho ptooess pat"Jmctors such as spindle-speed, dcpt.h of. cut and
feed ratewere optimized with respectto the flankwear (V) andsurface roughness (R) respectivelywith the use
of 1.;entrel composit~ design in n,'SJ>OllSe surfoc.c-meihodology (RSM). Further an attempt has been made to
monitor the tool co.ndition bymeasuring the ,·uttin.e; force, vibratio11 and sond pressuresimultanoous;ly, T.hree
different tool conditions such as dull, fresh andworking were analyzed and their consequences were also
reported. Also, the performance of the kapok oil is t:Oinpa.rcd with the palm oil and mineral oil (SAE20W 40).
The fecd ratohas the major coutTibuhou for surface roughnessand l'ltlnkwear. it is foundthatthe cutting force
(F}, sound pressure (p) ,uncl vibration (V) increo.sw with the tool wear. · ·
Keywords: C:.'utt.lug fluids / kapok oil / surface rougMess / flank wear / t®l condition mgnitoring_ / .RSM:

g
O

1 Introduction

Milling is the basic machining process which tends to have
high metal removal rate and mostly ttSed for complex.
mac.hini:11g shapes. Gutting fluids have bcc11 used in the
machining process to improve the tr:ibologtcal character
istics oftheworkpieceandtool involved [1]. Catting fluids
assists in_ carrying away the heat produced and -debris
ejected during machining j2j. These l;!Spcct.<;. will help to
uiminish tl1e tool wear a.nu -energy COllSLUl1pticm during
ma.chining [3[. Cutting fluids improves the efficiency of
machining process by enhancing tool. life, surface finish of
the workpiece, reducing cutting force and vibrations,
Conventional mineral, synthetic and semi:..syntbetic cut
ting fluids. involved iu the ecologic~! cycle with ai.r, soiland
water and theix toxicity leads to envi.roumeutal pollution
141. Many research works have been undertaken on the
application ofvegetable based cutting fluids for machining
applications aJl.d most of them were used as a straight
cutting oils [5.(>}, It is reported that 320 000 ton per year of
metal working fluids were consumed by European i'Jnion

• e-01uil: anankarii:tmlDgroa.il. ;:;cm

alone of which at least two-third need to be disposed as
wastage into the environment [7]. The disposal ofwaste is
expensive and also itaffects-the envi:ronment. Cutting fluid
processing involves waste treatment as well as pre
treatment. The cost for the treatment of fluid is higber
than purchasing of n¢w cutth1g fh1ids in inost cases [].
Thus, to reduce. t.he mass usage ofconventional mineral oil
cutting fluids o.nci also to minimize- their effects on
environment and operators, several alternatives arc being
extremely explored such as solidlubricants, dry maclrining,
cryo_g¢nic coo.li11g; 1nit1it:rnu11 quantit:y: Iubrica.tiotl (MQL)
[9] technique and. also by tµe·a.pplicntion of vegetable oils
(10-121,. Vegetable based cutting fluids minimizes the
health and environmental effects as compared to the
petroleum based oilswhich are biodegradable [13]. They
possess gpod lubr-icatiot1 capability as <;pmpare<l to otl,e:r
conventional oils.

The effed of vegetable based cutting oil on cutting
fqrces and powt,r shows that they were equal or dominant
thanconventional mineral oil [14]. Vegetable based oilsare
comlidcrcd •as environmentally friendly because they are
rene,vable, less toxic and holds high biodegradability.
The vegetable bp,,sed cutting flui<;ls ha:ve been used for
,·ar.ious mechanical processes such as dr.i!Jing, turning,

f'ir l~{] • l ».
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Experimental studies on viscosity, thermal and tribological
properties ofvegetable oil (kapok oil) with boric acid as an additive
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Abstract
Non-renewability and <lama.gc nmscd m die en:vironmcnt,\vhilc using mineral based and
symhctic bas<'d lubricants bcrome rh!:: g.te:m;sr c.oncern of this ceoturr. Disposal issues
imtiare<l a global trend.r,, ,1tili:u: vegemblr bnsed lubric:nnt!iin industtie:s.·vcgemble uils ace
enV1mnn:ien,11l frien.dJy, h!!,1: lO\v ro:,kity and highly biodegradable in naum:. The rnain
ohillctivc of this work is ,o imp.rtWt;·thc viscosity a,nd redl1ce .the friction.and w,,ar rate of
Kapokoil usingboric addas nn ad\lltive._The tribolbgicill properties of k.1pokoil with thi:et:
diffetem conceo1r:atfons (I, 3 :md 5w") of lxlric aJ;id is e.va!uaced-andmmparcdwith pure
kapok oil t_isingpln on disc tcibometer. The worn outsurface of t:bc pin ace analy.-;ed using
the optical microscope after the wear test. :n,c vis.cositJ and du;:nnal propenles of kapok
oil wirh 5 \vt% of bc.>ric acid possC$S. the better pc(forn.nmce compared to other s.arnples.
Boric acid pa.rtide.s. susp.:nsitm exhibits reduction in· fricrio:n :µid 'wear \\!he.n CT.lm}1arec.l
wich pure kapok oil. Ovr:rnll, the kapokoil combim:d with 5wt% of boric nc:id ~ru; ns the
PCllt.'1' biuJubi:icam oil whichwould help to reduce the globtt1 demMd of petrolt.•11rn-based
lut..ncam susrnio11btlity,

0

1 INTRODUCTION

Generally, lubricant plays a viral role in industrial and m; well as
in the machine componentshich are used to ·reduce. the:, fi:ic
uun betwet•u,.the two ct,nt:1cu. surfaces nnd als.o used to min
imize the hcn1' heiwec.n the t\V<J imdacc~ I l.f. The ,·iscos.iry of
the lubricant has a great influence on tlie 4Ju;ifa::, of the lulJrka•

~tion 9[ the m1Jchine componc:nt:- [11. The liquid lul,dc:tllts :m:.oaasired into three types that js, svmhcric, miner.al and veg
ctablc vil. The syarhe1ic nil is 1li,· chemical composici(ln of rhe
nnifidaJ made, is ma.nufattilred u:-inr; rbe che1111c:t! reforma
tion frpm ,he pcr.roleu.m component rather than the complere
UtJtk oil. Miner:tl ,Als are mostly used in the morur and engine
,tpr,licirinn,, \\"hich ;ire a!sM (lbt;iined from tbe per.rolcum-based
crude ol. 'The mint:nll oit is harmful w r!m environment which
om,cs more toxicity :111d~non-bindegradable ["!]. The mineral oil
luhrif]mf1, have hydroc.rrbon~ which cause those effects and the
fl:tturiil !ubric:inrr :tre obtmnd from e;;tct'1\ j-t]. Ve,z,-ctable oil is
mosr!y an cn\ironmental fri.endly lnbncant, i:asilr biodegnida,ble

and non-toxic I\ 6f. Vegetable oil !usgoodfobrlcant propcrtics
but limited in thermal smhility and oxidarion stability pr6pe·rues
F,8]. While comparing with the mineral oil,cvcgetable oil has a
high pcmr poirlt, enhanced bet:tcr vlscosit)' index, and low e\-:tp·
orationloss []. In rbis work, one such vegetable oil (kapok oil)
is ·consfrJt:ccd and its change in j>mpcrties 11re studied usingbode
add as an ackUuve. The friction nnd wear rate chat.ncteci~tic.s oF
kapqk oil possess minimum wben tomp:1,·ed with mineral <>il
(SAR 2DW40) and Palm oil [11~.

Lotofworks wece C:lraed out usingN,rnoparcidcs and Nano-·
materials as a.n additive .with lybcicttnc <>ii J l 1. t2J. Depending
upon the clw-:ictcdstics of nnnopaniclcs strcl1 ~$ siz.:, shape mu]
concem111tion, the friction and wear hctwecn rhe two contact~
ing surfaces w,m· teduced [!3J. The: !nb.rkating. properties of
bo.i:ic add (1-hHOJ) \Vete .~r.udied which was commercial avail
able in the marker and environmentally safe p4j. 'fh(: envirqn,
mental protecuon agency act cstn.bli.shed th11t boric llcjd dues
uor t,au~e any h:ai:m or pollution . .In order tQ reduce 'mc:tioo and
wear, v:irious additiVcs were acldt:d in .the lubricating Qil [UJ.

(',:rlpi..• f4\(!1t~•i
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Investigations onthe tdbologkal behaviour, toxicity, and
biodegradability ofkapokoil bio-lubricant blended with(SAE20W40)
mineral oil

S.Shankar"[M.Makanda[.K. Karuannasamy. •Jagadeesh Alokesh Pramanik & Animesh Kumar
.llllak

BiomassConversion and Biorefinery (2021)

33 Accesses I Metrics.

Abstract

Vegetable oil becornes a viable alternative to miner:al or synthetic oils due to its biodegradable

nature. In thiswork,one such vegetable-based non-edible oil (kapok oit} is blended with a

mineral-based oil (SAE20W40) at 15 and 30% ratio (by volume), and its changes in thermal,

tribologkal, and corrosive properties were evaluated. Four-ball tribometer is utilized to assess
its. dynamic friction coefficient and the wear s.car diameter ofthe worn out area on the ball:

Biodegradability and toxicity testof kapok oil were examined and .compared with the palm

and mineral oil through bacterial growth and brine shrimp assay methods, respectively. The

resul.ts showed that the dynamic friction coefficient and specific wear rate of the blended oil

were lesser than the mineral oif. The mfneral oil produced a higher roughness average (R,)

value than that bfthe b.lended oiL Kapok oil shows. an adequate tribological properties (anti
friction and anti-wear) in contrast to the other vegetable oils. Overall, kapok oil had a high

biodegradability nature and lowedoxicity than the mineral oil.
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A Study of Added SiC Powder in Kerosene for the Blind Square Hofe
Machining ofCFRP Using Electrical Discharge Machining

PV Arul Kumar ' · J. Vivek2 i N. ·Senniangiri3 ! 5. Nagarajan. K. Chandrasekaran5
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Abstract

Carbon Fiber Reinforced Polymers (CFRP~) hava been npµHed pofentinll;r for ,ariou,; applii.:mion cnmp1,ncnt:; owi;1g r.o 1heir
lightweightand bcn.er rnechnni.cal propcnit!i,, How<.·ver. the 1m1ci11niug ufCFRP Im~ been r•bscrvctlm be pooi'mac111o~b1hry due
to the propenies 1i 1he. CFRP composires M icro-feature fabricating on CFRP macro-component is a challenging taskdue to the
selection of im1.dequate process panuneters nt1d mm:hh1cs. Htl~Cver. mieron-h:vcl blind square holes are required-in C'FRP4 for
proposing the applicaHons of micro-robotics. micro-vibration mcasurc111c1111:,. and micro-derec1km of cracking. The:.e ,;quarc
holes produced on CFRP have the difficult task ofbeing·rnachincd using the Electrical DischargeMachining «EDM) process. In
th.is research, the effects ofconcentration ofsi.licon (:urbide, pub;e duration.duty cycle. and currenton squareness. bole depth,Md
surfnc~ rouglu1ess ofCFRPs arc analyzed using Electrical Discharge Machining (EDM) witli the squarecopper electrocle, The
input parameters. lhe v-Jrious pcrccutnge ofconccnlr-ation ofsilicon cnrhide. pulse dnr..ilicm. duty cyde, ,lhd currenl for EDM irn::
selected. The responses, squareness. hole depth. and surface roughness are considered. Also, an electrode wear length and sttrfon:
defe.cls have bt--en analyzed, The modeling ltus been nerfonm,'dfor selected responses. Additive RatioAssessment tARA.SJ is
used for obtainillg optin1l1m paramcto;;rs. The ,rvemll analysis found that the sil.icon carbids:: con\;'Clltiatmn ;111d pubL':duni!il/11 :1n.:
gt'cat!y a'fii.--ctcd all the rcsp01\si::$. Abu. ·the square clewodcs produced unstable spark phcnorn:::na in the EDM process.

Keywords CfRP • EDM •SilkAmcarbide -Squareness• Depth

Q

1 Introduction

Carbon Fiber Reinforced Polymers (CFR.Ps) are ui;ect 1n
ucrm.'j)a.ce, sardllte, eleclronk field, and co11111icre:ia! pans.
The 1:eitStlns for us i ng these CFRPs tire low density. high
strength, low fridiotr coefficient hign t o. ughnc.<is . and good
wcarrcsistance. Square holes are requ i rL'i'.l in CFRPs for pw
po.:;i11g thr applications ofmicro-robotics, micro-v.ibnuion
measurcmenis, micro-detection of cracks. micron-level

PVArul Kuuar
nnrlkt1marvccm(tlign.ail.com

J. Vivek
,:ivd;dynamC1:h l 8ql)gmail.com.

N. Slltini:in{!iri
senniangirinatarajan1 987@gmail.com
$, Nll_g,arajiin
arsnagarajan@gmeil.com

· K. Cl1indm;ekanm
kchr,mf."Usek11r.1n I 984@gmail.com

Published onlinc: 09 July 2021

rcl<1tivc humidity mcasurt.'il1cnts. micrnn-lcvcl - thermal
strain measurements. micro - level •tc:!1nj>eniiu·rc mca;;ure
ments. detection ofmier<l - Jelamimition,.antl micro-fiber
optics. Thereby, the square holes were fabricated on ERP
by using EDM [ l-3J. fo~r ma.;hining f·tl- nw,:harticat dril
ling (5. 6]. nml micro-EDM f7j. .-\.lso. the square hole is
mos-dy U;Scd in the prcci.sion manufocruring sector for
manufacturing the micron~level squart' in the .3D micro
components for m i cro fl ui d transportation pur poses and
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Effect of nanopartides on the droplet combustion of rice bran ml
biodiesel

MuthukumarM1 I enthil KumarAP. Sasikumar C3 • Yuvaraj S Thokchom Subhaschandra Singh?

Received:18 Septemb<?r 2020 /RevLsed: l December 2020 /Accepted: 1 l December 2020« The Author(s), under exclusive licence to Springer-Vet1<19 GrnbH, DE part of $prlnger Nature 202 i

Abstract
The present study is dealtwith !he phenomenon ofcombu,cion furrice bmn oil {RBO) methyl ester bfunclswith diesel alongwith
nanoparicles ofmagneli um. Nanoparticles composiiion of:25 ppm, 50 ppm, and75 ppm are added ti) b.lcnds of 1320. B40., nnd
B60 in Llie .study. A conversion rate of 89.64± 2.8% i.s observed. during lhe 1r.msci;,tc.rificaH011 reaction perfoniwd at 5 wt% of
potnslrium hydroxide (KOH) cntalyst, I 0: 1 alcohol to oil ratio (meU1anoli, 75 °C reaction temperature,and60 min reaction lime.
During the combustion study, fewsamples displayed the puffing characteristics, which arecaused by popping ofbubble.~ at lower
prossmu, The sutmt1!'11)' of !he present study suggested !hat blend B20 with 2.S- ppm nanoparticles has the potential to be used as
fuel andfurtherproposed lhal !he fuel will bemoreeconmnical ifthe-injcc(fo.n droplet diameter isO.7'7 mm. O1.herhlends l~e 820
with 75ppmare also likely to be used as foel due to ii$ exhibition oflesser threat towards combustion, Bubble formation followed
by micro-explosion is observed in mm witlt 25 ppm blend. The present study hqped to enrich future researchers working in
shnilarun::a for signifying tfo~ importance ofunderstnl)dilig droplet combustion o.fbioltlels, ·

Keywords Droplet combuscion • Biodiese1 • Rice bran oil • Magoeliuni • N.nnopnrticles

(j

o

Abbreviations
RBO Rice.bran oil
820 20% me1hyl ester with 80% diesel.
B40 40% methyl ester with 60% diesel
B60 60% mctbyl esterwith 40% diesel
KOH. Potassium hydroxide

lUgbligh1$
• Rice bran oil {llliOJ is uansesterified using KOH to produce methyl
e.stct1S atid. the conversion rate is achieved 10 be 89,64 .'1: 2.8%
• Ric....- brMl <li! iucthyl ei.'ter is blended with miJmill. diesel. to produce
131(),_u,m, nntl 860 blend.
• Magneliumnanoparticles are added 11,1 .tfo; blend ~t 25 ppfo. 50ppm,and
75.ppm. ·
• Droplet combustion study of the fuel mixturcsarc conducted, nnd
the summary of resultsare obtained.
• 111~ tharacteristks of p111:1ing, which nrc caused by the popping of
bubbles .il lower ptcssure are t'ih.~crv,xHn fuw'.surnple1;,

ppm
AO,
si0,
Tio,
K
l3

Parts per million
Aluminum oxide
Silicon dioxide
Ti_lnninm dioxide
KclvJn
Boron

• MuthakumarM
uthupsgtech@gmail.com
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ABSTRACT

Plastics are one of the major _poUutants to the environment. An investigation is carried
out in converting low density polyethylene {LOPE) to oil by pyrolysis method with die
aid of cataJyst for the use in int.ernal combustion engines. Experiments were c.onducted
al' _different speeds (1200, 1500 and 1$00 rpm) and variable loads (low, medii:im and
full) wirh ·constant compression ratio engine to evaluate the performance and ec,ologkal
parameters. Plastic pyrolyzed oil (PPO) is blended with diese.l fuef in 20:80 volume
proportion to ge.t DSOP020 blended mixture which is ernptoyed in engine in .ortle.r to
assess its characteristics. En~ouragingO'\lttomes have been obtained ascyllnder p-ressure
in combustiort is of same order as that of diesel fueled engine. The results showed
that increasing engine speeds resulted in higher cylinder pressure -and brake thermal
efficiency. Also. high nitrogen oxide (NO,) and low brake specific energy consumption
(BSFC) has been identified. Lower smoke (USN) and l':lOx emissions are. noticed from
engin.e tail pipe with D80PO2_0 blended mixture.

2021 Elsevier B.V.Alf rights reserved.

g 1. Introduction

Diminishing of plastic pollution has been consistently one of the major strategies for many central bodtes and
climate authorities since last two decades. .In the modern society, lack of awareness about the increasing pollution
caused by plastics, the general population continues to pr.actise irrespottsible dumping to the environment. Although
there are various policies adopted for controllingwaste, a popular method indudes solid waste management through
rigorous collection from respective households and correspondingly landfill. This eventually cause polludon of land and
contami.nation to the water and environment From the various methods of plastic waste handling. pyrolysis technique
has been found-to be a potential one as. this method is able to perform with aml without the aid of ¢ataJysts. This method
transforms left-over plastic to oil (liquid), gases and char (solid residue) with the aid ofriigh ternperatur.es (300-900 C).

Ari investigation is can'ied our to pyrolyze empty fruit bunch (EFB) with activate<i carbon by utilizing mfcrowave
heatln_g. The outcome. of this investigation has enhanced bio-oil portion by 36.37 'Wt: % at 500 "C (kMs et .al., 202.1).

corresponding author.
F.-n;cil address: ~ei1J1.i.,tlk.'-Si1'jm1ai!.toli1ff.N. Verma}
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ABSTRACT

The natural petroleum by-product will come into in-existence aniJ. unavailable in future. The emission
.from lC engine vehicles is also a critical pmblcm, So l:he new technologies depending on electricalpow
cred conveyance aredeveloping. In thatway. .i l,'ucl cell concept hasbeen introduced for·varfous appfa;a,
tions along w1th eloctiic vehides. the various efforts are being taken to implement the fut-1 cell systems
in automobiles. ·sunthere-els a technological gap in success of .suclt fuel cell electric vehicl¢s due 10 the_
problem in handling hydrogen, high cost of battery and fuel cell components, water management etcc
In this paper. the rype of fuel cell-used in automobile, various supporting componentsand flow diagram
o( fuel cell syuems.the tmplementation of fuel cell systems in automobiles, thedesign and development
of fuel Cell El¢etric Vehicles (FCEV) by various automobile companies arediscussed. further the relJt.ed
issues in FCEV and themethods to improv.e performance. ofFCEV are discussed,
() 2021 Elsevier Ltd. /Ill rights reserved.
Selection and peer-review under responsibility o.( the sJ'h!mifii; rommittce. of the lntemattonal Confet-
ence oo Advances tn Materials ·Research - 2019. ·
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1. Introduction

The fuel ce-11 is producing the electricity. It consists of anodeand.
cathode where the chemical reaction takes place. The basic fuels
mainly hydrogen and oxygen are required that produce elecrric
energywith very less amount of poliurion. The current produced
from the ruet fell is Dire.ct currertr (DC). ff we re,quire Akernate
Current {AC:). ii conver$ion.devlce calied inverter is required. The
fuel ceH electric vehicles are. having fuel cell system. DC,DCcon
verter, charging system, energy storage device, motor, drive sys
tems and control systems. The battery is used. to manage the
dynamic response of rhe vehicle under varying load conditions.

.Abbreviations;4DEV, fourwhee! drive electric vehicle; AC, alterate current:
i'.PFCT. ,\;L1 P.icifii; fud rtll technology; 81:-Y, bartc(Y cl~nc vellicles; _rr;cut,k
centimeter; DC, direct current; SVM-DIC, space vector modulation-direct torque
rontn)l; I:MS, energy managcmeoc srra,cgy; f.c. fuci cell; FCtiEV, fuel c~tl 1lj'brid
electric vehldcs: FC£, fudcdl engine; FCEV, fu,•I ct-II ciecl.ri~ vehlcl<.'$: JCS. fuel ccll
1ys·ti:1ru; fES. flyi,•hc~J energy systems: fCV, foci cell whidcs: IC. internal·
combllSllOo: IQ, intern.i i cnmbust!on engine; ICEV, internal combustion i,ngine
vchklc,; l'l'M, proton exchange membrane; PEMFC, proton exchange membrane
fuel celf; r,nv. phlg-i" rut! cell .eli.:crric vehicles: MDlllC,. mutti-4evicc .inrerleavcd
boosr conv,nei::: MHV.'Mingdat'l hydrogen vetik(e; UC. u!rrar..ip,1c.ii.or.
• Corresponding author.

E-mail o<ldtc,s: mulhllp.\~~'l?(hJ.;'lITn..iL nm (M. MutllukuJnar},

The DC/PC converter is used co convertthe outputof fuel cellinto
required volcage.and current to supply to battery/motor. Brus.bless
DC motor is used·to run the,vehicles./1:S the.reels no tnQving:pardn
fuel cells, the noise andheatgenerations· are very Jes's compared to
internal combt'1srlon engine vehicles (ICEV). ARagone chart (fig. l)
is comparing the performance of va.ripus ene.rgy: ·devices such as
fuel cell, battery, SC etc. The fuel cell is having mu.th. higher energy
density than other types of energy stor)ng devices. As the Energy
densh:y of fueJ celf is h/gher. rhan other rype eher,gy-stor;age
devices, the fuel cell can beused forlong time applications. Due
to many advantages, t.he (uel cell electric vehicles are under devel
opment's by various automobile companies am! are successfu.ily
tested. Even though many advantages are in the fuel cells, due to
some practical:issues,.therti is. a gap in the implementation or the
fuel cellsin on-roaci'vehicles.

In _this. paper. the development ofrhe fuel cell electric systems
and rbefr supporting components for tvio v;heelcr and four
\Vheelet'applicarions, by va.rious automobile companies and educ-a,
tional instlrution.s are reviewed.· Further the ai:tvantllges, issuesand
applications of FCEVare discussed.

Workingprinciple· of t'he foefcells the working principle of the
fuel tell is following electrolysis technique. The fue1 cells have two
electrodes where rhe e)enrolyte process takes plilce between

tetp//di.or/1€ 1@16/j.mat, r.2020.03,979
2214-7853/0 2021 Elsevier Ltd. AI ighrs reserved.
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Effects of Different Membranes
on the Performance of PEM Fuel Cell

[. uthikamar]A. Ragul Aadhitya, N. Rengarajan, K. Sharan,
and P.Karthikeyan

f ]

t l
.

.

Abstract Nowadays, air poHution prevails as one of the.major pr:oblems all over
the world. Fuel cell is therecently developed tedrnologyto counteract air pollution.
Fuel ceIJs are electrochemical devices that produce electricity by the reactiou of
two gases such as hydrogen and oxygen. Proton exchange membrane (PEM) fuel
cell is tbe most economical one. The advantage ofusing PBM fuel cell is that they
can. operate at low temp.erature of about 50 °C to 80 °C, and there is no emission
of harmful gases lo the atmosphere. thereby maintaining eco-friendly environment,.
The performance of the fuel cell is mainly influenced by various factors like material
properties of components (dike gas diffusion layer, membrane, catalyst layer), flow
c:banne1 designs, operating coudltlons and water management. The main function.
ofmembrane which is made of polytetraf:luoroethylene is to allow only the protons
frori1 anode lo cathode and not allows electrons. So the membrane is called as PEM.
The perfonnance of the fuel cell is affected by different types of membranes. In
this paper, rhe performance of PEM fuel cell with two different membranes such
r1s Nafion U7 and Nafion 212 is analyzed. The serpentine flow field is chosen on
both cathode and anode sic!es. The PEM fuel cell having active area of 11.6 cm2

is designed and analyzed with best-.opernting conditions. The results show that the
PEMfuel cell with Nafion 212membrane generates more. power.

Keywords Emission· Eco-friendly· Membrane· Nafion · Power
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Performance Studies ofProton Ex.change
M.embrane Fuel Cells with Different
Flow Field Designs - Review

Muthukumar Marappan]" Karthikeyan lalaniswamy,/ 'Thiagarajan Velumani,"
m ·yung , · tl Vd«yuch;>.1n,l.'1 Praveenkumar Shivakumar," and

Senthilarasu Sundaramt•l

.Abstnu:t, ProtQll ExchangeMembrane Fuel G¢lJ lPEMfC} ls major!)' Use(! for power gcnerntiun
wichout producing :1ny cmissio11. In PEMFC, the warcr r,encmn,d. in che cathodc heavily aJTccts
Ur<: performance of fttd cdl whid1 w,cds l>eltcr water m:,nagem-.'n\. The flow. channel designs,
<limensiuns, shape and size of the riblchannel, cffe<.'tfve ~t.m of 1he. flow cbnnne.l and tn'<l.teriJl
properties· are considered for bctkr w.:i.kr 111an:tgcmi:m nnil pcrfottuam:c mhantcmem of' .rhc
PEMl'C in .i.,lditlQn to the inlet rc:i.r;:ciim's 11}:JM flow rate, .!low d.ircc1h,ns, relative huniidliy,
pr<:S$ure and {CJnperatu,e, \Xfith the purpOSe of ilicrc:>sing rhc output em:rgy of the fu.d -.·di.
any flow Odd. desTgns ,m, being Jc:,-ch,pcd c111i1im11rn.dy•. fo this paper, the performance of
v:ulous· cohvcntional, ·modlfiej:I, hybrid and new flow ftdd d<:Signs of the l'EMJ!C is ~tudi<;d in
detail. Further the effesofchannel tapering, chnnnc:I bending; l.11:tdlug to d11nndnv!ddr raiios,
channd ccoss-sc,dons ·and Jusenfon of bafllcS!block,1g.wpin-Hns/lnili,rt.~ a.re re-•it!wcd. The power
density uf rhe 'now fidd .designs. thephysical parameters°like !!<:the Jre3, d.im,;nsiQns of d;Jnne:l/
rib, number of ehanods; nnd rhc operating puamc1crs like temperatureandpressure are also
r:ibufo,-ed.
K.cywo.rds: ch:u)ocl dc:.ign, flow field, fiid cells, J>F.Jv!FC, water management
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Abstract: Floo.,hng of the cathode flow chaon.el is a major hi11d.rance in achieving maximum perfor•
mance from Proton Exchange Membrane Fuel C:clls {PEMFC) dmlng_ the scilll,ng up process. Water
accumulated between the infetfarn region of Gas Diffusion Layer(GDL)and rib of the cathode flow
field om be. rempved by the use ofPorous 5ppnge. lnse.rts (PS[) on the :ribs, ln the presentwork,
the experimental investigations are carried out on PEMFC for the various reaction areas,.namely
:p, 50 and 100 cm. Stoichiometryvalue of 2 ismaintained for nil experiments toavoid variations
in. puwe,rdensity obtatned due to d.ifferem:es in fuel utilization. The experiments include two flow
fields, nameIySerpmtine Flow Field (SFF) anci ModifiedSerpentine withStaggei;ciffprovisions of
4 mm PSI {4mm x2m11i x 2n:un) Flow Field (MSSFF) .11ui peakpower.densities obtained onMSSfF
are 0.420 W / cm2, 0.298 W/ cm2 and 0.232 W / cmZ c(>rj1p!!red t6 .$FF which yields 0.242 W /crn2,
0.213 W /cm' and 0.171 W/cm' for reaction areas of 25, so·and 100 tm,2 respectively. Further, the
reliabiJi ty of experil1iental re,sults is verified for SP.F and i\15SFF on 25' cm.2 PBlVIFC by using,Electrp
chen1icnl Impedance Spectroscopy (EIS). The use of4 mmPSI is found to tmprove the performance
of PEMFC through the,better waje.r. .management.

Keywords: proton exchangemembrane fuel cells (PEMFC); scal.i!'lg up; pornus sponge;MSSFF; EIS;
water management

1. Inttodu:ction
Effective management of water produced as a. prnducJ o.f Oxygeo Reduction Reaction

(ORR) on the cathode side is important to obtain maximum performance fromPEMFC [I].
The cell performance is redttced due to U1ewc1ter flooditig which effci:tively blotks the
passage of protons through themembrane [2]. increase in flooding of flow fields causes
reduced pedorniance in PE'rvfFC at higher current densities. However, the lowamount of
wafer present causes the dehydration of themembnme which reduces the perfotu,ance
of the. PEMFC [3]. Flow fields that produce uniform distribution of reactants and lower
pressure drop due to shorter flow length yield better performance compared to serpentine
Bow channel [l-]. TheSFF produces non-uniform flow due to the presence ofbends in the
flow chan.nel. The presence ofpends couses a lower velocity near the bends compared to
the central. region of flow where the veloci.ty is highe.c. Similarly, the length ofthe serpentine
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Exp,er:i:mental investigation on serpentine, parallel and novel zig-zag flowfields
for effectivewater r,emovaland enhanced performance on 25 cni2 PEMFC

. ! Mutfiukumar M'.nriipniln•Jl\1agesh KannanVijayakrishnan",Karthikeyan Palaniswamy",
Ka.rtbikcya:n N{anqhai¼fob.Tbtrnar.ija-u Kumares'.iub a.nd Jyothi1 Anrmugban•· .
"FuelCell ResearchLab.DepartnentofMechanicalE11gi11e.ering. Nandha Engineering Co,llege. Eroae-638052. lndia
"FuelCellEnergy SystemLaboratory,DepartmentqfAutamobile engineering, PSGCollege efTeclmolog;.J Coimbatore 641004.

· Jndia
"DepartmentofMechanicalEr;gineering. AssamEngineeringCollege. G11111a/l(lff.- 781013, ln((ia

Watermanagement is decisive in the commercialisation ofPolymerElectrolyteMembrane Fuel cells (PEMFCs)aspoor water
managementleads to rcduccil 1)Crformance an.d 'J'Cliability. Hence, this work deals \\itb 11.0:ec:tivc wnt;er ,lfianage_menhnd
physically examines water removed at cathode out letin 25 em' PEMFC of land wi dthby channel width of22. Si
comliinafi<>µs: iHnflng :tlo"~fields such as pa.r:illcl w.ilbout slope, pilr,lllch,:ith slope, scrpcn1ine· and anovelparallel zigzag with
sfopc.t are used for e1p11t-imcntaii»n. Expcri111e11tal results discl&.ie that inducing cross flow among reactants, increasing
cxpp!fure.nrea or'uncompre~ed.MEA wit.It rcai;ting.gascs and backprcssure increases tl1c performance ~·bi le slope at cathode
increases the water removal rate of PEMFC. The novel flow field w.hcn USC(I aHhe cathode with the ~crpentlne now ffota·at
auo.de:•nccumulutes,,advagJ,tges of the flow fields com,idered and enhanced the performance by about 23%than conventional
serpentine flo fields d:uc 1;0 ihe induced flow non•unifomtlty,. un.der rib convection and. bet:ter .water removal ·111lc.
ArulJClonall)~,'IO eiibiipce. tire wot.er removal· and pcrfonnancc a silicon dioxide b11scd ceramk 'ink .is spray coatoo on the
gruphite" pl:itc to increase its hydrophobicity, As tb.c electrical condq_ctivily ilf $ilicon dioxide, a key constituent inthe
hydropliolifo c<iating·is.litidte~, a blend ot'.2¾ g,raphcne by weight wi.th.the cc.r.imic ink is alsoattempted alongwith the
durabilityof these flow fieldsfor twelve hours o.f continuous operation. ·

Kcywpliisl Zig 7.-itg FlowField, BackPressure, Slope in Flow Field, CrossHow in Reactants, Ceramic ink-coaling, Uuciblliiy Studies.

0
0

Jnt1'oduction

Dimlnotio11, oFcQnventio'nal fossil fuels .and ecological
contamination has turned the focus of research on
altemate powergeneration systems. A large number of
researche.rs are working on alternate fuels and power
generntlon systems' like' fuel cells. .Fuel cells are
capableof producinggreen energy with little pollution
and hence can be considered as a potential power
generation device. When weighed against other types
offuel cells. Polymer E!ectroly,teMembrane Fuel Cel.ls
(P.EMVCsJ ar,e more· cfficieni and have high power
dcnsity:-1'\dditihmilly, they are easy to inst.all, can operate
on relatively low operating temperature and pressure,
respond dynamically to 16,d:cl and have a longer lifetime
however the costofPEMFC [lj is a major hindranq(! to

. commttc'ializ..1.tfon. Also, water fonned 'as a by-p).'oduc;t
of the electrochemical oxidation and reduction reactions

. is to ~>e \rttlan:ccd (2:J reaspnably to avoid Hooding and
dehydration of membraneas they cause a reduction in

131

±

power (poor perfonnancelo.ftheP.BMl•C. Accumulation
ofW.llter is due to electro-osmotic drag fi:om· anode to
catl1odc vide themembraneandback diffusion ofwater
from the cathode flow field to catalyst sites causes
floodi.ng. Proper water management ensures that the
membrane remains fully hydratedand maintains good
ionic ccmduchvity [3] Tead'iJ1g to enhanc.ed peiformance.
Collsidcring these facts a few h,foces of research
relevant to this :work are discussed below.
Parallel and serpentine flowfields are predominantly

used in PEMPC, efforts an; n'l:ade to enhance their
pei:fon'iiance by modifying tlwit land width, numbet of
channels, the shape of the flow path, o:rienration, etc,
Diverse techniques.have been ad.opJed to tackle wan:r
management issues, Qut ofwhie:h fue flow field design
is · most noteworthy. Innovative flow channels were
designed and iested to improvewater n,:ianagem.ent in
PEMFC and demonmated that channel cross-section
design can be used to improve theirperformance [4, 5].
The ill effect ofwater accum.ula(ion,(vas esiabHsbe.d1bv
visualizing oxygen distribution and water blockages in
an operating 3 pass-pamUel-se),pcntfot}l, REMFC 16].
Studies on flooding cathode channels ofPEMFC and
concluded that water aooum:t1latloo. in the flow field
sign i fic3ntly. red \'Ices the performance[7].Despite these
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Analysis ofShrinkage Defect in Sand Casting byUsingSix Sigma
Method with Taguchi Technique

M A Omprakas1 , M Muthukumar1, SI' Saran1, D Ranjithkumar', C M Sh:mtha
uimn.5 ,Jpathi Venkatesh'and M Sengottuvelan'

1 Departmem of Mechanical Engitieeting, Nandha Engin\!cring Colkgc, 'Erode - ({38052.
T<'lmilnadu, India.
Department orMechatronics l:nginccring, flminarl Amnmn fnsiitrne of Tctl111olc.,gy.
Sathyamangalnm- 638401, Tnmilnadu. India

omprokasMgappan@g111ai1.com

Abstract. Casting industries play a major role in the field of manufacturing. The production of
corrfplcx shap_e und size producis is mnrmfactured in a single pr<>CeliS, which cannot be produced in
other manufacturing processes. Because the otherprocess needs more than MC :Stfp 10 convert 11 raw
material into a product.. When proilucing,the casting. ihc qu:i lily of the casting should be maintained
without defects. This is not possible ns we can't produce 11 ccnt.perccntnge or ~;;curacy. H11t1he
pcrecnJnge oforf<'<-,lS cnn.bc reduced with the hclp·ofcertain quality cQntr(II rooJs ~nsl. tccliniq,ues. In
this paper. the 111airr focus is to reduce: Lhc.shrinlQgli dcfo.::1 which occurs in the fa.icmaJ Bc.irinv.,Rir,g
of ductile casl iron whicb is produced inthe leading casting industry in Coimbatore . Tli_,:.ifam have
been eallcc1.:d from tlte indusny for the six months and lhi: defects havebeen identified with the btlp
or the Sb:-Signlil Dlvl~\JC {Define, Meusure. Analyze, Improve, Control technique. The quality
control tools are applied in different stages tir the D'MAIC leclmiquc for identifying nnd contrullin;;,
the·ddccts. Also, the Tu·guchi 1cdmiqu~- is 3pplil:d: for crenliog lhc L9 orthogomll arrJy frQrn ihe
M inilab imfl.ware..Fit1:1lly. 1he bcs1 possible sofu_!ion is obwine<l and it is suggested to the mdustry for
defects rcducdon.

Keywords: Casting defects: Six-sigma: DMAI proc,:ss: Taguchi; ductile iron.

1 ln.lroduction
Casting is one or the t1ldes1 tcchuiq\1es in the days around 4000 8..C. The casting proc'e$S was ti~ed for
manufacturingof'gold omaments. Fewycnr.s farer, irwas used for lhe prodnctinn ofweapons and toolswith
mernls like copper as materials. Then •afler..rlie casting has beeri used for the production 0f products•which
were lmvingdiffcn::nf shapc.s from small to complex shape and size ofproducLS·and difforenl mut~rittls like
cas:t iron andductile iron, etc. Due to i1Hnitjor benefits and needs., the casting production plays a major role
i.n the field of nmnufacmring. The occurrence of defecrs in the casting affectCJ:I tbe casting. industry
econ.omically. So, lhe dcl"eer occurrences should be reduced and Ilic quaiity of the c:isting snould be
improved forwhich the:application of some techniques like six-sigma nnd qi:m.1 ity toolscan be ui:¢d. The
defect in the particular area is idenrifo!d :tnd some elmnge.s arc mode to reduce Ute defects. Ill this paper,

.•,-. · •-'•,the Eifumal Be.,ringRing made:ofductile cast 1r6JfWhich i's tile one of the maincomponent..~ in the wiudtnill
-···'is cohsider&dfr analysis. The lead.ing, castiug, indnstry in Coimbat0re are facing this shrinkage- defecn;m

. ,; . -.· .this particular product as high in numbers, So, this shrinkage defects are rcduce.d 'by applying th..: six-si·gmn
· . •. , • rnc.lliijqtic and qun!ity control tools. wich the help ofMinitah sal)warc.

l@~C'ontenJ f,(lm t.h,, work may l,,i! used under the tcrm~.of Ulc.Ci:e.iti,d~mmi:io,A,tr,lluli"" 3.ii li~,;,rn;c. At>)'. rt(nher <1L<tril>utk•1
lat.at of this work mast maintain attribution to the authors) and the titleof thework. journalcitation and Dot
Published under liceuce hy !OP Pnblishlo:, Ltd . 1 .
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A comparative study of performance and emission
characteristics of a diesel e.ngine using va_rious
non-edible extracts

IR, Rajkumarl
Department ofMechanical Engineering,
Nandha Engineering College,
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Email: rajku111arl229@gmail.com

K. Gopi Kannan*
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*Corresponding auihor

M. Mohanraj
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Abstrnc.t: Jn this study. the performance and emission cha.rncterisrics of a
diesel engine fuelled with biodi1Jse1' such as cononsecd oil, i;astor oil,
Calophyllmn i'r1ophy!lum oil ii.lid iriusrnrd oil by transesterification are
iuwsiigmcd. AU biodiescls are mixed together on mass basis and :allowc<l to
tnmsestt:rilicMion j.; numc,I as totally mixed esterified (TMEx). Sepamtely
rranse:;tcrificcl and rnixed togcrlier 011 mass basis becomes separately esterified
mix.er (SEMx.J. The biodiesel samples are ptcpared by a vqfume pitiptirtions
such as 10 (8EMIO. IMEI0) and 20% (SEMx20. TMEx 2Q). The
cxpcrln11.m1 is condu,,1~! on a sil)g_lc-c.ylinder, water-cooled. direct inJeclion
diesel engine loade.:l by eddy currenr dyn:imornetcr at ditfonmt loads. Result
shows 1hat brake thermal clTkiency Md ~1>ecific fuel ·consumption of TMEx
blcmls ar..• closer w dicsd compar.:d with SEMx- bknds. Abo. the cmh-sion
characteristics of TMEx20 are less in comparison with other blends and it is
suggested as a promising replacement for diesel without engine modification.
keywords: biodiesel: methyl ester: diesel engine: exhaust emission.

Reference to this paper shoWd be made. ns rblJOw$: Rajkumar. IL
Kannan. K.G. and Mohanraj, ivl. (2020) ·A comparative study or pertbnnancc·
and emission characteristics of a dies.::! engin'q using various non-edible
extracts. Progress in Industrial Ecology An lnternaltana! Jt:)IJrm:d, Vol. 14.
"No.:J. pp.91-103, ·

Biographical notes: R. Rajkuniar ii, cum:11tly working us an A-ssisu:mt
Professor al Nandha Engineering College. Erode. He has an academ'ic
cxpe'rien(;e or (hrN year& and his areas of im.crcst arc IC engines. alternate fuef.s
and heat transfer.

Copyright C 2020 lnd~n<d<im:c T:nte.rprise.s Ltd.

0~~-- .. -;;,-'PR, - - - - c. .,,.,
Htntth I!: CIPALangineerin

t4age,~. 9/ollea. . . ''"'u •nomous •.,
erode 6s 6,


