IKGPTU Hoshiarpur Campus
Research papers per teacher in the

Journals notified on UGC website

Supporting Documents



DI 1L‘l ID}.‘ LR WRALY

(AN MLNTAL B SGo
lh U TAINABLE THERLY

SUSTAINADBLEENCRGY

Optimization of engine operating variables on performance
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the Taguchi method desgnwasap cffective toal for oplimizing the eluments in tenns
of combustion performance and emisslens charactenistics,

el
KLYWORDS
des'gn emisy ons, cpbimezatien, prilemuance, Taguchi methald
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1. Introdpction :
vonventional and e¢lean fuels Dual fuel mode 15 one o! the efective

Dicsel enzines are pedominant In the traatpodtation, priculture, techiauques for wiliziog gaseous luel such as biogas throngh Uie g
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fuel utilization pavsess asetlous threat for the envitanment and maniing ttee e blefuels which nuinly contafng methaoe and vcarbon dim e
i bonuld Ye efficlontly wiilized in the Q1 engine cndor dual buel veale

[1-6]. The escalating fossll fuel prices coupled with severe rd
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and emission characteristics of diesal engine: a review
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Abstract

Unsustainalile CHEIgy seuIces are one of the

y : precminent supply specks of power genzration in the prevailing sceranio. The
prsduction amd utiization ol cne

| _ BY lawve bioug i about serions ecological effects allover the plobe. Exceptivnally unpiedicrable
Tossil Tuel expenses are making mereasingly g ambignity fir the \uiI1|J|\'.i|1; ceommny Whale siultinesusly giving an
ambiguous mativaton for PG Tesourees it sustainabls power comee advancements, which nre noew sccepted ata vihle
sulition. Hitiesel, higher ateohl,

\ | gaseous fuel pre conshilbecesd 1o e sunifalile |._-|1|.|-.;J.'m:rul v lor l.[“'ii'i".r'll: natural iesonnce.
Thase substitite tuels not only

- Aid b enhanzing the enging pedormuae. ¢ but also cooperate {1 contracting the mjiriaus talpipe
comssions. T thig review anicle, o study has beew made 1o evalin: e dotination of bindizscl, n-butanol, and buogas on il
e farmance and enussion tlul’ﬂ:lﬂi\liti ol the ihicsel S LTI TN W ST TRRTY PATTR 11 firsst] di=sel Coneglusinns I1I-EII.[I.T-..1| .1r1.1|}'1|-
c.lumlclmg cmission and performance chactenatics wile dittzent paovtation and combination are put Forwarded to pndes

stand the conunuted result en varivus claracteristics of the diesel enging, The comprehiensive sty tecommends thar the
perfomunce camcieristios of the engine deprmde wih substite fuels, wherss s einision clarsctenstics are de picied to have
abated,

Keywords Thodiesel « n-Butanol - Biogas - Dieselengine

1 Introduction

Enerpy hat consistently been a crucial asser i the OG-
ment l."lf.‘lll_\" country. IteNects o recard r.|f|11L'|:|,1_'|_|,r}- ey '-'Il'll'f-

1 Suml Kume: Mahl mtent and commanal advancemant [1). The suceess ola cour-
malilegwnle pad.com try veestimated acconding o energy consumed by cach s
Geetesh Lanea vl AlTough the globe has witsessad exgited imbustia!
peetedigeg Fenil com e achion e ihie Foemar e, 1 i .|1|11.|I||-1|.|'!'.:.' cnIoLrIeTr
Arut Dy ditlicult eones emerging oot of indiserominate nsage i the
amat i g e resoices of enaigy (2, 3] Low fuel costs dild net energz s

(1 Dibwpeoti Singh Chautizn elicctive use of enargy. Tnoaghout the industriatization P
Lhupendrad gl gnal.com gltl:‘rml. the :Et'rll\b‘:-' faced utilization of o donmmam Jrut ulits

_ Gom e . energy assets and worldwide natural balance has leen
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unlied indiesel emgines. Amang the amenabile gascons nels,
only hvdrogen nnd biogas con be teflectad as reaewable icls
forthe reasanthat all other pascous fuzls are limtad b e
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Absiract: Hiogas isa slgnificant renewable fuel derived by sourees of blalogical ongln, One of today™s
research issues 15 the effect of Biafucls t-;‘l. engine efficiency, The experiments on the eneine are
complicated, time constming an.t eypensive, Furthermore, the evaluation cannet e carehed out
Leyond the permissible it The purpose of this research s tobuild an artifizial neural network:
sueressiully for dual fuel dicsel ¢nzine with a view 1o overcoming experimental difhicultics Authors
used engine load, Bio-gas How rate and a-butans! concentration as inpuit parameters toe [ooocast
target varialles in this amaly s, el smobe, brake thermal viticiency (BTE) carboa mionoide dy,
hydrocarton (HC), nitrons-tnde (80O, Estinated values and results of experiments were companad
The error analysis showed that the built madel has quite accurately predicted the experimental
results. This has bren described by the value of Coelficient of detenmination (R%). which varics
between 08493 and 09863 with the value of nomulized mean square egror (NMSE) between U007
and 01182 The patency of the Nash-Sutehiffe coelficient of citiciency (NSCE) ranges from e o
0 8595 for BTE, HC, NO, and Smobe This research has elfectively emulated the on-beand eflicivney
emission, and combustion featues of adual-fuel biogas dicsel engine laking the Swishoactivanon
mechanism in artificial newral network (ANN] model.

Keywords: bio-gas; dual fuel mody, artificial neural network; swish activation tunction, vinissivi
parameters; engine performande
L4

1. Introduction

Dute to higher fied economy, areater pesformance and low fuel prices, diesel enpunes
Al now (avoured in many mdustiess However, these eogines’ combustion eimissions
have lang been negatively impacting civilization and babitat. Researchers ate naw cin-
phasizing alternative fuels dueto reduced fossil fuel supplies and concerns abaut the
effect of the vse of fossil fuels on ccological concerns, such as environmental pollution
To solve these challenges, diesel engine researchers plan 1o seek an appropriate, blended
fucl that can improve the machines efficiency and reduce emissions: Since traditional
methods are very time-comnsuming and costly, rescandws have turned 1o methods that
could achieve the same pedhomman ¢ more easily and elbiciently, Artiticial Newral Network
(ANN) has alieady boenu sl 1o develop computational technology [or vanous automonive
engineering, problems '
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Abstract

Gaseous fuel induction Ty 2 compression Ignition (CI) enging has picked up
much attention aver the most recent few years, particularly when it Is pro-
duced by using rencwable sources In this study, hydrogen-enriched biogas
(HED) was used as a1 gaseous fuel and co-combusted In dual-fuel CI engine.
Experimentation was carrivd out on a 3.5-kW C1 engine test g in the biake
mean effective pressure ranpe between 0 and 3.5 bar, as well as, HEL between
0.1 and 0.5 Ep/he. HED induction elfects on various engine characteristics
{combustion, performance, and emission) were stindied at rated engine speed
(1,500 rpm). Results revealed that the pea¥ oylinder pressure and ignition
delay period increased with im:r-':a&in_r; HEB proportion (.1 to 0.5 kp/hr) as
comparad with diesel mode. The calorific value of HED (57.0 MJ/kg) is higher
than dicsel (420 MU, which led o smpraved BTE in dual-fuel mode. The
crnission resulls showed that with an Inerease of HER rates, the NOx emission
mildly decreases, but wevhe opacity and hyihocarhon emissions majorly
reduce. Thus, the HEN indu.tion has great potential to be a feasible 1echnolog-
ical solution tu wvercome Tuw DTE and high hydrocarbon emissions in bingas
operated Clengines.

KEVWONRDS
[gritlan enpine, o cambuslop, ronswable Hpentdahal bicgas dual-fuel techminlapy,

cornbuntion charasteration, el usr cmistlon

- Uinatl: amit dhiegfraparedu
T o ntogy 1 omaa - 7 1 -

1 | INTRODUCTION categorized as fossil fuels, nuclear resources, and renew-

. Ll | 1- e e b . 1

} able resources.’ Fossil fucls have been considered as the
Nowadays, compression ignition (CI) engines are l:um‘g mnst previling energy sonrce, and s large-seale applica-
used for powér generation, because It offess high elfi- tions ked o deteriorating environmental conditions :
ciency (thermal) and excellent fuel econamy when come Indiz s the most developing nation with an alarmine tise
pared with spaek ignition enpines.” These Clengines are it the populace and adding around 5% of the wor ldwide
mostly powered by nongenewable petroleum fuels, which €O, discharge. Beside this, India has proposed 1o reduge

. : o a ¥ Y ' ;
lead 1o fossil. fuel depletion, Worldwide depletion o L0, crissions by 20% by 2020, Utilization of rencwille
pctru!cum resan'cs L‘Il:‘OtIl‘:lgl‘d Fl.'.Sl-'i"'-?I'-Cl'S i l:Iplon.: fiicls iy [Im\'ldu apreat |1;|1i1 o omeet the CO. cmission
1AL e 2 ' aEE wlieti e 13 . ) X ]
renewable energy  resources. Energy resources are reduction targets, For this, alternative fuels, whizh are
A Pee ) Cum [az 202022438, wilcyonlintlibeary coutfjrarnaliey 2020 Cantln Unnivernity 3nat John Wilor & Sors. L L Ll 10
nym Al org/ 0 1003 4ap) 2438 T
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Abstract

Gaseous fuel induztion v 2 compression ignition (C1) engine hos picked up
much attention over the most recent few years, particularly when it is pro-
duced by using renewable sources. In this study, hydrogen-ennched biogas
(HED) was used as o gascous fucl and co-combusted in dual-fuel Cl engine.
Experimentation was cariicd out on a 3.5-kW CI engine test rig in the biake
mein elfective pressuze rance between 0 and 3.3 bar, as well as, HEB between
C.1 and 0.5 kg/hee HEIV induction ¢lfects on various engine chamcteristics
(combustion, performance. and emission) were studied at rated engine spaed

(1,500 rpm). Resulis revealsd that the peak cylinder pressure and Ignition

"Departrment of Méchanlzal Engineering,
TR Gujral Punjab Technical Universizy,
Kapurthala, India

delay period increased with incteasing HER propattion (0.1 to 0.5 kuflir) as
compared witl diesel mode. The calorific value of HEB (57,0 M3/kg) is higher
than diesel (s2.0 Mk, which led to iwmproved NTE in dual-fie! mode. The
Correspondence,

Pall Resha, Scheo! of Ensrpy and
Favdronment, Thapar Institute of
Enginesring and Technalogy Pausla,
147034, India

Einail. paliroshia0dGgmail com

cmission resulis shiowed that with an increase of TIEH rites, the NOX emission
mildly decreasss, but simote opacity and hvdrocarbon emissions majorly
reduce. Thus, the HEB inducion has great potential to be a feasible echnolog:
ical solution to overcome low BTE and high hydrocarhon enussions in biogas
operated Cl engines
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1 | INTRODUCTION categurized as fossil fuels, nuclear resources, and renew-

R “ able resources.’ Fossil fuels have been considered as the
Nowadays, compression Ignition (C1) engines are belng  most prevailing energy souree, and its large-scale :nr]1ii:;:-
usell for power generation, because it offers high effie tions led to deterdorting environmental conditions
ciency (thermal) and excellent fuel cconomy when com: hutiais the most developing nation with an alarming e
pared with spark fgnition engines,' These CIengines are in the populace and adding araund 5% of the worldwide
mostly powered by nonrenewable petroleum fucls, which CO. discharge, Beside this, hudia has proposed o reducye
lead to fossil. fuel depletion, Worldwide depletion of  CO. coissions by 20% Ly 2020 Utilization of renewable
petrolzum reserves encouraged rescarchers to explune fuels may provide a great path to meet the CQ, emission
renewable energy resources. Energy resources are eduction targets, For this, aliernative fuels, which are

Aty Pac ] Chemt Ene 20363433 witeyutillnelibeary coenfjuarnaliap

fierpm Frod arg S0 I3 Papd 2404

© 2920 Cunln Usoversity and Jahn Wiley & Sors it | 1of 13

L
-~ ot

e e T T T T T TR T e M e s U -

Scanned with CamScanner



sevtnalof Therma? Aradpunand Calanimetry
hpsAdoteng ]Q 10074 10%73-018-000851

Clesh hu
T

Effect of varying biogas mass flow rate on performance and emission

characteristics of a diesel engine fuelled with blends of n-butanol
and diesel

Geetesh Gogn' - Bhupendra Singh Chauhan? - Sunil kumar Mahla’® - Amit DN - Haeng Muk Cho*
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C Akadémia Kan, Budapest, Hungary 2019

Abstract

[?w“.“u.'.",g pettaleum products and environmen degradation, owing to the gases from the exhaust tatlpipe of compres-
swnizmuion'engines, have obligated the investigators 10 invent some unconventional fuel, Current expenimentation aimed
o evaluate the combustion, performance and emitslon charactesisties of a dual fuel engine by using hlends ol diesel and
r:‘:;l‘"am:ll as ot fuel “'E“‘ biogas as primary fuel, Under dual fuel mnde, biogas at dilferent mass flow rates (05, l".’ a‘ruf
il h. ) wibs adimitted into the engine throtgh inlet manifold amd bends of n-butanal with diesel (D90/MB10 and DSO/MBZH)
were injected as a pilot fuel to initiate the combustion. The fuzl properties of the tested fuels were measured as per ARTM
standards, The engine testing was carried out at constant spead of 1300 rpm and dilferent engine loads. Thz expernmental
results depict that under dual fuel modde, brake-specitic fugl consumption increased by 22,65 and hrake thermal efficiency
uf the enging tecreased by TLO% in comparison to conventinnal dizs L As far as emissions are concerned, carbon monoxu!z
and hydrocarbon emissions increased by 505 and 11.97%, respectively, whereas NOx and smoke opazity decreaszd by 1905
and $0.9%, respectively, when compared to conventional dicsel. Thus, such fuel combinations can be vsed 1n existing Jdiese!
engines for addressing long term encrgy needs an solving enviconmental associated ehallenges.

Keywords Tiogas - n-Hutano! - Dicsel enging « Mass low rate - Euiesians

List of symbols N, Nitrogen
cl Compression ignition H.5 Hydrogen sultide
CNG Compressed natural pas 1aCL Tidian Qi Curporation Limited
CH, Methare ASTM American society for testing and materials
cO. Carbon dioxide ke ™! Kilogram per hour
H, ’ Hydmgen pm Revolutions per minnte
3y Kilowart
Bl Brake thermal efficiency
2 Sumit Koerar Mahla i Brake-specilic fuel canstmption
muahfa s (0 gmail com CO Carbon monuaide
ot Ami D i Hydrocarbuons
amitSnir G thapar edu Ny Onides of mitrogen
' School of Mechanical Enginecring, Lavely Prefessionat DEORB20 Diesel 0% n-butann] 2007
Univetuty, Plugwara, Ponjab, India ' D70aB30 Diesel 70% n-butanol 30%
5 Department of Mechanical Fngineeninp. Meerut Insinute DO0aAD  Diesel 60% si-tnttanol 407
uf Fngincering and Technitogy, Meerun, Utlar Pradesh, Tndia DU2NS  Diesel 925 wbuianol 8%
' Depurtment of Mezhamical Eogireenng, IRG Punab DEMBLG  Diesel 845 i=butanol 164
Technieal Ueivenaty, Kapurhala, Punjaby, Indea D72 Diesel 765 n-butanel 24
b School of Trergy and Envionent, Thapar Tnenitule nhll Dicsel SOT v-butanol 207
of Enginee g and Technolugy, Pavala, Tndea DU Duesel 907 =Dutbane) 1005
' Department of Mechanical Engircening, Kongju National nhj Diesel 955 n-butano) §%
Univenity, Cheanan, Sauth Kerea uhln Diesel 0% n-butanal 105
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engine load on the Performanze of dual-fuel engipe An engine laad of compression ratio;
- Compression ratio o{ 18, and biogas flow ra1s of ddikn perfanmance; ez
3l condition, According to these Optimized parimerers, the valug reipenie suifage
and smoke opacity were founet 1o e 18.51(%), 135 (g/ methadology
KWLhr),.0.49 (9/kW hr), CO (0 08% vol) and 236 (c.,
wilh conventiona

tespectively, Compared
I diesel fuel, dual-fuel operational mode
specificenergy ¢
producing high

uels, The Curren

and
803,

Mware absemved iens;

tanimprove brake
onsumption and reduce NOy 35 well as Sinoke opacity, while
er emissions of CO and UHC, '

Introduction

Energy has been consistently an indicator nf_Jisu.-]I adva |
(Dccpa:lr.‘tj 2017). The planet has cndms::.cl :!ILI'.IiII.l.Ii |||rm'.'.5|_-.u-n in the |
tered severc issues related to aimless application of the energy asse
higher wtilization of energy tu.nchic_n.'c cnhimc?d 1l‘lt‘lfli;‘r|.‘1|i ek
improved and :ll.icqllﬂ'EL‘ adoption t:bl cnern Tr:ml‘:;cu \ml., ransportation
part in establishing the wealth of 4 country nm‘\..r.lm_ vt
resources (Deepanraj et al 20174, ‘:-[1'.u':n.1 et al h-._|],_1
cscalation; strict emissions norms, .|m._ aMigmenty
attentiveness i supplementary mnovative

vancement and social development of any nation
nd encoun-
associated with
¢S not contemplate
Also performs an essential
ANSport sector is based on fyssil fyel
Fimited fossil fuel reserves, hig
d eNigeney for CNergy resery
and intelhgent combustion techinalogies along with syl
stitute fuel candidate (Déepanraj ct fll. :?016: 2017h). ;\cc(:rdil}gi}l'- _l.ht‘rf 15 Al exigent reg
‘cn:lnrsc the customization of unconventional :uc]s s Nlllarl;}“-i:; ;U
2012; Barik and Murugan 2014b; HassanTour, Saficddin, and Sheikh,
Solima: Mostalaei 2019).

bo,;;}i;atl;:r:c;:]ccd from biomass) inducted dual-fuegl drese

¢l engines can solve the problem ol eneryy
- ', {1 TSTATINE velopine o lries ||I_“_ IIIL“H El:l":n
' i [ ambient air quality particu!: iy in developing coy
-t U 1M DL ambi )
scarcity and degradatic

orme century, a
ts. This creed was
advancement buy it do

her crude il
ation has initiated

wisite 1o
r Clengines (Porpatham et a
avoudi 2018, Safieddin Ardehili,

S . .
i Mahly @ mahlasunilzgmait com @ Deparnineny of Mechanical Engineciing, K. Gujral Purjab Teehnlza
3 anid
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e b ot by deve e s oporsied e Lauees e viloes of brake thermal effloeney (OTE), hydeocarten (HO), €500
smarashte (CO)and earben dlonide 100 based on the gaherad ot data e the papenmertal wivpe: Sl
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eptmiization algocibun (NS QWO AL, %00 0l rung were perfuimed on obective fupctiont of gathered itara
to furd oprmad snlutbon 7o of daid were wred Dor trdiuag, 19 Do tostieg and ether 15% were awed for
L valldathorn 1t hay been concluded that hybeld hased anificial Noceal Network Lk Hlawb 2nd wettale opii-
) milzatos algonthm (ANNAHOWAA) prve resarbable resultn with elaalfestion rate 98 CO87Y which i much
berier than ouher miera hearveie plpoeiiturs, 1o found thar Armficie] Neural Seewark bawed hyvbead Haerf Dl bis
amd whale epimicatien alrar a2 very wsefel tael for predicting and oprimiration of cambuting perfn.
mance and emitiioan proprtcs o oo fuel engine furlled with tiagus todiesel blends
1. |l'iII'D|.|u:1I'ul|‘ reviirees ke bigoware [1--1). India 25 a couniry produces huge

ameunt of bla wate which |y copable of yenerating power fur self-re-
In this era ef revelution, the human life Is highly influsnced by ue llance 2nd sustzirabllity [2,5]

ol mechanical equipment’s and motor vehizles. Due o maximum de- Goga et al. 2020 (6] used a dJual fuel engine to ceaning g emittioa
peadency on and iilization of vehlcles, nowdous ganes weh atnlimgen rm:mh“a"fl performance when bingas s vaniig moss How 3tes wag
oriides [NO,). carben dinxide [€O5), rulphur dioalde (50:) and earbea iedoscted die 01 together “I?!‘ diesel and bidicsrl The pettarmanse
manevide [C0) are released by them. Thete gaiis are :_c-r-l-l"'---u:tl-r gl -'h:n:!hlfl oF_ 1.’“ engine demonstrated that ISFC avgedonied
(ke air to the hugs level Generatizn of these gasien by In‘-J'.'I'lr-h. arul wlivis a E d.m'.lr-.tr::d by uslng hm‘.“ as a primary fuel o decn
vehicles hAs put- an adverw impact e health af l'.l'-fﬂ.!."l beinr I':'ll'.l \\l!::l ;IlIJ.rr dicrel Cl‘.‘r:r:rﬂl:‘u; emimian lfJJ‘.lrJI;, I wds feforied
Worenver, the (fosiil fuels) fassilized remaiag of prehisteriz plann and thal f\lu.:ncm_nf 'l_“: and CO Inzreassd uwing ta lower amevos of
animals on which vebleles mun are 2l dcrﬂtlln; a1 an alarming rale auzen coglent in blogas Iy ¢ontrast, there was a dmulianeus e

it ol utmost importance 1o discover the subntitute fucl fn daction i N0 and pmoke enanatiom. Thus, segardiess of having all
scley and |ndustrial motors. Improved and cost el thz aptunistle rr.‘-pr:lmtbiv;.'.l s eulpedt of producing more 118 and CO
j n be the uied and Lipvented from renewable cinbaslons vis-Svis materal diesel The reason Tor the wame has been
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amount) for maxanzing the el
synthesized from warle chicken €22
yield of 97.55% was Jchivved with eptanized paraneters: 625
amount and 9:1 melar catia where the agitation sped of the stirref

sl moducion from Terrinaba beler s

The main aim e s wtedy voas o Gl ihe patsibility of bice
and evaluatian of spiimal wisl rcacnsn parameters (malar 1atig, reatian termperarure dnd catalol

citer ineld with Pox-Nehimken devign Calciean axile catalyse
It wat uied for comwerssgn of Terrmmaba belierirg olt Phghes

" pemperature, 225 wio X catalyst
during feaction was kept constant
lestee methiyd eater such a1 3aid value 0630 mg KoM/
. cetane number 52 104 wrubitive

Feywuordy

f“’iff-' at 600 rpm. The fuel propertics of Terminaha bell
,”'l : kinematnic wincouty 4.722 €51, Math point 160 *C, pour peint O

ILT- 013 Sellew stability 2 2h were within the lowits of ASTM 6751 and EN14214 specificatians.
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1. Introduction

The modern werld Is currently experiencing 3 continuous

¢clash among various aliernative energy techinologics lo overcame
ever, such zero carbon or

the much-exploited use of fossils, How
low carban energy sources are bound to succeed in the global
#lar

matket commercially anly when their cost is lawer o presentiy
2016) The use of renewable energy

used fossif fuels (Coverteral, 2
has had a lower impact on overall development than expected
Out of the top 35 renewable energy-CoNSUIMING nATans, only |5? b
had 4 positive effect on thelr respective cconamie output {Bhat
tacharya eral, 2016 Amang varipus possibife .I:Jc.‘ndln-:_‘&_ hmlhrcl'
industry has been secing tremendous gmk‘f‘llll from 4 long u'm:
agn. Government policics have supported }r.:rmus bmfyrl-uh.u
schemes in order 10 promete fow emlssion fuels. B-pl‘uel pro-
gramine m India, for instance, includes ethanal (dderived fram
molasses) blended gasoline. Dut sugareane farming has Ifaj -:?
excess greenhouse gascs GHG) emissions (Sn.nll: el .:1.‘ 2015}
The patential of binfuel industry hag not been fully tapped fian
etfective manner (Luthra et al, 2005) .
ttano alkyl esters of fatty a<ids (vepetable ol of .nnm:ﬂ lats)
betier known as. biodiesel (13 well-knawn and connnany used

—
® Correiponding author,

Linad addren! marmahaakiheygmall e (A Marwabal
Fepe fdel prgf 1A 1D B eyT SO 13022 .
Elievier Lt That v an open

2152-4847/€ 2014 Pubinted by

sccent ditiche under phe OO TV

Biafuel 1t can be used either o e farm, that is 100 or in var.-
ous Liends of petrodiessl The njor advantage of using biediesel
18 lower amount ef emissions in the form af un-burnt carbons;
caibon monoxids and particulate matter (Kanally, 2007) Non-
edible seeds derived ofl have been claimed as suitable feedstodh
for ldodicse] production. As these seeds da net aflecy the leod
demrarad and edible crops and alio da not require fertile land
with maintenance. bt is expeciad to sze a growth and demand
ef ren-editte fruit bearing crops (Kunmar and Sharma. S0t}
Same o the reported fiteratuie on rarely vsed ot promising
rar-ctille seeds inglude Bruceajavanicaseeds (Hasni et al, 2017)
sipaionba glavea (Sivaman et al, 2015 Manitkara zapata [RSIE
mar et al, 2615) rubber seed ¢it (Onoji et al, 2016), tobacco seed
ol (Usta et al, 2011). Pangium edule (Atabam et al, 2015), Aavo-
comizaculeata (macaoba) (Clsar ¢t al, 2015) Matamtes aegypi
aca [Milema-Yelanova et al, 201G) Silybum marianem (Takae
et al, 2014) and Annopra diversifolia (Reyes-Togja et al, 20140
Termrinatia bellerica (balieda) ol s one of the possibie aliernatives
an nen-edililes oil eategory for low-cost Lindiese! production,

rfie most commeon and effective method of converting tn-
eyleeriles 1o, methyl ester is with transestenfication method
This meethod invalves a shart atkyl group alcohal, like methanel

reacting with & lang faty acd chain (enpiycendes) amd carried

by alkexide anion (K071 which is generated by base catalyst

20D license (hp Jlereaineemawnymp horases Ty md[10]
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Due 10 the Uepleton of petralews podovne and Bl emissions liom the tilpipe of diesel engines o has
becoinie anced 1o seek fonthe altemiative of perelewm products tor foag-term use, Cunemtly, tesedichiens
and expents have come to the conelusien

subsstitute for this situstion Former

e
aslogle oylimder, s unils
bageline dticsel Typenimer:

that biediesel dlang wilh higher alccheli can b an approjriate
flnvestigatians have presented that biodiesel and Lagher alcoliol can
cecialing harmlul exhaust gases in 2 dicse! engine, ln the
iesel vice bran biediesel and mebutanal were prepared to ¢hedk it elfect
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1. Introduction

Dieselengines are one of the dominant prerequisites rowadays
i 8o many secters owing to the fact that it hias better fuel econ-
amy, higher efficiency, mors reliability. lower fuel eotr, and lonz-
Lasting capacity, Talpipe emissions from these enpines are very
badly affecting the mankind and habitat from s many decades
Mareover, due to the hike in automabiles an roads the fassil fuels
are depleting atan alaimuig rate whicllm.l)'r:-_iull_l'niL$|.:=1_1|uncu:
deterioration in few decades. To avercome this, dmc!_rngmc spe-
cialists, researchers, and combustion analysts are trying to ﬂrd a
substitute fuel which can upgrade the pfrl'_mm.mcc characteristics
af the engine and cut down exhaust entissions [u‘u!.lh‘l!ll-:l;_‘,-'ill'l etal,
2015; Kahla et al. 2018a; Singh er al, 2018, Chauhan et :1
2011). Biofuels Is the primary ¢hoice af the researchers amidst
Al alternative feels due toits propertics which help i producing
fewer greenhouse pases and soot emissions Furthermore, these
are sustainable i nature and ecanamical than conventional fu-
cls (Singh et al, 201R). Researchers have done experintentation
and simulation study on diesel engines by using biodiesel prepared
fran various vegetable and animal fat oils and found that amidst
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reasonable, low grade and renewabte vegetable wils Rice Lras o
secures 1op position {Yuan et al, 2013; Chauhan et al, 20103
Singleel Wl 2012 Chavhan et o, 20100 Sharma Tl 2003: Ry
el al Mi13b, Goga et Al 2018 Clikabra et ol 2017} Bara andt
Sal 208 esploved the oppeitunity of using Rice Lran biodisse
Paliv il biediesel and Ponganig oll biodiesel as p
Liggas can dual fuel diesel engine and reveatend that Rice bran
ineihyl cster was best in perfonnance amang Al biodiesel wils
Liquld lugl reinstatement was also found maximal Tor Rice bran
Licdiesel whereas there was a decrementin HC ang
for Rice bran methyl esters. The emi

NOx emissiondeclined for Palin il and Pangamia gil methiylesters
liaimal .w.!t’ijr,t.lh.ﬂdn{It]'l!-]]n:n‘o.rm:danc\pcl imental invest-
satiatunacheselengine using Lice bran el bigdivse!
il contuded thas brake specit

ot fuel for o

CO emissions
ssion study also stated that

and plagtic e
Lenergy consumption o Rice bran
tethylestersis mare than plastic whereas the thenmal eflicie
of the crging wag on the lower side wilh Kice bran b
plastic el as compared to that of diesel,

Dizsel engine experts have

ALy

odiesel anil

aved that the inclusion of b
alcatiolin fuel helps in developing s plopertics. n-butana! is a
dominant priority of researchers as g fuel in diesel engine UwIng
1o its inferior viscosity, higher calarific value and liite moisture
ahserbing capacity (Bora and Saha, 2015: Ealmat and Wijayabilan,
A5 Hitataet al, 2015) Rake pollag et 4, (205) mixed variogs
peptrtiong of blends of bicdiesel, cottonsced vedenalile oil, n
butavnl and ethanol and tested the combistion and ¢misimn
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Abstract
Bindiesel™s auto-ovidation by mctal catalyzed decomposition of hydrovides (ROOI) is a major hurdle restricting the conis
cmne hiodicsel contaminated with

mercial viahility of biodiasel, This paper investigates the oxidation stability of arg

fransition melals such as: Fe, Ni, Ma, Cu, and Co, Puse arpemone ol bimbiesel (ALD) bt a rancimat indoction period of
28 which docs not satisfy the ASTM-DATS1 and EN-1420 4 s ndand himits of 3 and § b respectively. The revults shoa
that the presence of a metal in ansemons o rewles in secelernne the free radical oxidation reaction. Ta ezt the devire!
starwlands, present work experimenally investizates the effecs of vanod antiguidants like POET, BIA. THHOQ, Y and ['Gan
the rnge of 100500 ppm an argemone ofl biodiese). Etfectiveness onder of antosidants in pure biodiesel was pbrerved as
PY > I'G2 NIA > BT > THHQ. The SO0 ppun of most elicctive butiidant pyrogallol (1Y) liss the potential o enhance the
induction périd of argemone iodicsel above 8 howlichisvital by EN L2 1 vandand. Nased onths results of mos elfective
antiuvidant Y and varying concentranon of meals (Fe. Ni. Mn, Cu, and Co), several corrclativny have been daveloped o

caleulate the mduetion perlod of argemune oil bicdicsel av a fundtig of antirvdant and metal concentration.
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1 Introduction

The infreadiag global encryy demand speads up the depletion
of fosnl fucl resources, which adds to th motivation of search
for altemanive resources. 10 s abierzd that thers have Isen
tranadiond Troan solid o Jj;"llnl and now Mmowmn i..ln.;nj 1o pacou
fuels as muyor energy sourcas. There ane L!.'Ii'..'llrl'.l- fur de-
catbamizaiion of energy sowices due to enviremmental
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: ered double hydrovides enhanced performance by addiion of a sczond metal
metal, uee of proowiers ke Lanthanides, which induee

gasilication ulcarbon specics, thus in hiling desctivation:

aneien, these cataly s can tene ag stroa s candidatod i o
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soncemia Hydiogen i considared =n ideal alicinane and
elean fucl becaues combustion of bydrozzn will produce only
water vapors The other sdvantage with hyalioren s that fre
be ebisived for varicty of vwnes Hydrogeza s highest ¢ o
Frzy sunient by mass, but its lower denaity 15 tie nwgor e
cetin Do pdidition, therg s an wareasing denund Toe hyadeep oo
e magee applicationd in ietinery wsz and 213 COEPONRY 1
svichz gas for the manufsziure of methano! ] T
Cuzently, it s also antizipated that renewed imtzrest (o
FischerTropsch technobogy 1GTL (zasw-biguidy CTL (eusl.
ta liquidkBTL (biomasst-ligaid)) will fustder enhance the
lemanid of hydiovgen [1, 2]
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Application of clean gaseous fuels in compression ignition engine under =
dual fuel mode: A technical review and Indian perspective

Himanshu Sharma, Amit Dhir™”, Sunil Kumar Malila"
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The raphd Increae in energy demand and the fast depleting environment atretuet Ihltlnllll. | aile eibestlve
2ndl clean enerpy wurees Both biagas and hydrogen are enivilerad clean and renewable foels, and their elierls

Hawtlisg pditor Kutkdern Aviw

Koyunds utilisanen 1n engires tould reduce hanmful embions. The present review comprehentaely "'"":I‘“i”“ the
Eapas inlluences af biopzt and By diopsn oo the perfigmaace, combustion, and ermivion of the romprendoa lgatan
‘.l' dmgen onginge (l'.p,'|4|,|rgp'__r|;||'r duad Towl voos’= §a ddiditigan, 1ndian ‘tll'lll"rflur pelbcics relsted La Biaforle aee 2T
2:1’:1‘:: o saal bovetly, The pertert e b v wmwid (hal blogas wtilivathn jefures hirake tf.rlmnl‘r“l-'.l—:ﬂ'. h-'l-;'l '..“-
r_-......m elfiowecy, 2md i gt by whereat brake speaific losl (--".-nlunlﬂllrm ircreavet, Rogzatininad ':"'
bAnbirg also reducrt elunzen oekden and e e embidoas with an lagrease In hydrocaroon and farben moriade

entivtiont The teview 2 mes that 1y supplementabion resulis in berter perfurmande ot high and iwasf-rzte
Boads due tovaliable fel eharmetent toy of hydioger. The tere€arlioa mature of byiltoger reduces all b ez -ton-
based ertulons from ihe chinate dhange penpective, The licreaze ln hydeogen peopartien re=alis in he coca
lated emmisslon of exldes of witivgea (appravimately I0-&ra) contrasting 1o dicsel mode by vitse of higher in-

eylinder temperzture. Additlonally, a detaled soady i alia presented on the bonlencels 1 hydrezen applcation

for dual fuel nonde,

1. Inteoduction

The world epergy demand bs steadily increasing owing (o a e
economic provest and rapidly growing papulation. Fosnl l‘._lrh aie e
primary eneryy source; however, tielr finite nature _.unJ emistiun char-
acteristics have creaied a doubr on the sustalnablliy of development
meabels. The sources ul conventional fuels are alzo clustered In some
ipecific parts of the world, Increasing the impail burden on developing
contries like India.

Fiz. | thows the dependency of Im

The combined concerns regarding rapid depletion,
il and environment protection Lave sunged the hunt

gropelitical soem : =
l'n!rlmn-(um:nliunal,(Ic.-m,arld.:'Ilr:l:.lll\-relll.:I,.‘}' resoutces like salar

wind, hydro, and bafucls Adequare plannlng Is_dc::'r_'.j fisr thilitang
towardt cleaner fuels 1hat do not lmpal productivity ad the coviran.
ment. Gateous fuel kaving o ligh 11/C ratlo produces less cinlulon when
ied 0 the fnternal combutlon engine and thug regarded as fiture fuels.
Niogas and hydragen (H3) have been distingulshed as posslble alrerna-
tives 1o the conventlonal fuel fur varlous energy applications such as

Ifa and World on the fousl] fuels
fluctuating mices,

* Camprapiand A author
Fomau edder et Badiasea g et 10 T tapan edu [HL Sharmad, sinitaltain

Eigss o 6op F10 10T0S | lepoo 202108052

trzmpartation fuel n prime movers (Roaha et al, 2018 Verma er o1,

2y

It ogat could be penerated by anacrobically digesting the arsapic
rratier and sludpe of wastewater treatment plant It is alsa a caivop-
rooateal energy source given (it the carlon released by iy cambuse
Lot was flxed from the aumasplicre €Oy by plant marer. The yicld of
biogae and compasition malnly depends on the tvpe of feadiick used
(Table 1). Blogas s cuscntially a compuosition of methane [C11,) and
carban dinslde (CO) with minors of hwirogen, carbon manmiide,
ammonia, ard hydrogen sulfide (Shanna and Dhir, 2020). Rlogac uli-
laatian could elucidate three significant olaracles, ie. deteriia A
sirtiinable encrgy source, mobiladng a high ereenliouve g0 msthane,
anl lequate bis-waste dupessl, Rlogas has high antikaocking proep-
ot qantrasting tediesel, makdng o sunatite tor Clengiines usder 11w
(a0 fael moxde) :

Hydengen b also a earbon-free fuel and could be groemted nom
e wnnees, casentially naowral gas, biogas, water, rte. I ungue
ihysic-chemical properties make one of the most pretena! renewatle
fuelt 1t has the highest energy content (120 M2k p) and many valuable
astels such as |1I5|1| dl”lJll\'h}" inore nm”\"-!mn;l\-‘- Navmal ity limaty,
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Trend and time series analysis by ARIMA model to predict the
emissions and performance characteristics of biogas fueled
compression ignition engine

Sunil Kumar Mahla*, Kulwinder Singh Parmar®, Jujhar Singh?, Amit Ohir<,
Satbjot Singh Sandhu, and Bhupendra Singh Chauhan®

‘Department Gf'Mcthanlc;\I Engineering, LK Gujral Punjsb Technlcal University. Kapurthala, India; *Department of
Mathematics, 1K, Gujral Punjab Technical University, Kapurthala, Iniag ‘Schoal of Energy & Environment, Thapar
Institute of Enginceting ETechnolgy, Patialy, India, “Departineet of Mechanical Enginecring, Dr. BR. Ambedsar

National Institute of Technolagy, Jalanchar, Iy, ‘Deparrent of Mechanical Engineering. Lovely Profesyional
University, Phagwara, India
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ABSTRACT " _ ARTICLE HISTORY
jEnamass-deuw:d biogasisa very promising alternative energy source becausa of Recerved 21 February 2013
itsrenewableand clean combustion characteristics compared 1o fossil petroleurn — Revised 17 July 2019
diesel fuel. The forecasting of emissions and parformance characteristics is done  Accepted 17 July 2015

By using the autoregressive Integrated moving average [ARIMA) model, The £, KEY\/ORDS

rogt mean square errar (RMSE), and nomalized Eayeslan nformation criterlon a!c-".i;' dual fual emitsons
(BIC).are used to test the validity and applcalility of the developed ARIMA diesel: time teries analyiis
models revealing adeguate accuracy in the mada! parfermance. It is inferrad mathematical madeling
from the expetimental results that 8O, and smaebe cpagity emissions were loveer

atall engine operating loads, There isanincrease in €O, €Oy, and HC emissions at

all gas flow rates compared to diese] counterparts, The brake thermal efficiency

drops.ith the Increase in biogas Now induction at all engine eperating modss,

This paper explores and highlights the potential of bicgas-diesel dual-fuel

combustion mode at dilferent engine operating conditiers,

Introduction

Depleting fossil fuels, escalating prices, stringent environmental policies, and increased demand for
energy conservation have triggered interest in renewable and alternative fucls as energy sources for
internal combustion engines (Goga ctal. 2019; Rosha et al. 2019; Singh et al. 2019). So, there 1san urgen!
need to promote the use of renewable (liquid and gaseous) alternative fuelsas substitutes for compression
ignition engines (Boraand Salia 2015; Barik and Murngan 2014b; Porpatham. Ramesh, and Nagalingan
;:u]:]_ Guascous fuels are considered good for mternal conbustion engines because of their good muxing
charmcteristics with air and attainment of higher compresaon ratios, resulting in an improvement in the
brake thermal efficiency and redection in tailpipe exhaust emissions (Al et al. 2015; Namasivavam et al.
2010; Palash et al. 2015). Biogas is a potential renewable, abuntantly available and environment-friendly
fucl produced from a variety of orgapic substances through the anacrobic digestion process (B ik et al
2016, Jingura and Matengaifa 2009, Mahla, Das and Dabu 2018), Biogas is a low cetane fuel, and it cannot
be directly ignited and combusted in conventiomal diescl engine. Itrequires an intense source ol ignition
as the auto-ignition temperature of biogas is high (Baril arid Murugan 200300, CO present in the biogas
acts as a diluent for the reduction of NO, tilpipe cmisaon, when itis used in dual-fuel envine [Yn..m
et al, 2011; Barik and Murugan 2014¢), Brake thermal ;.'H_IKIICIIC)' uf the cigine 1s |;;du.;,;:1 A low o
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Effects of ternary fuel blends (diesel-biodiesel-n-butanol) on

emission and performance characteristics of diesel engine using
varying mass flow rates of biogas

Geetesh Goga®, Varun Singla®, Sunil Kumar Mahlac, Bhupendra Singh Chauhan®, Amit Dhir*,
Ohinesh Balasubramaniam', and Neory Singla®
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ABSTRACT ARTICLE HISTORY
Currently, diesel engine specialists and expernts have established that combi-  Recewved 21 Septerber 2020

nation of biodiesel higher alcahols and gaseous fucl can be an apposite  Revised 22 March 2021

substitute for the exlsting conditions. In the present study, an Invastigation  Accepted 24 March 2021
and analysis were dane by fueling a dual fuel engine with blends of diesel,
tice bran biodiesel, and n-butanol a¢ liquid fuel and biogas as gaseous fuel,
Performance and exhaust emissions parameters of the dual-fusl englne
energized with ternary blends utilizing diesel-biodiicsel-n-butanol along

KEYWORDS
Butanal; biadiesel: biogas:
fuel blends; dust fuel diesel

engine
with biogas were evaluated and compared with bascline diesel. Results
depicted that brake tharmal efficiency (B1€) was reduced by 14.68% an an
average dn relation to baseline diesel, Emissions ¢haracteristics illustrated
that CO and HC emissions an average were higher by 45.58 and 17.74%,
while NOx and smoke opacity on an average were lawered by 39.06 and
46.85%; In relation to pure diesel Therefare, utilization of cost-effective
gaseous fuel, for instance biogas, would be a feasible recormmendation to
daal with the existing and upcoming complizations of energy insufficiency
and accompanying conservational apprehensions
Abbreviations
ASTI American Saciery af Testing and Methods
BSFC Brake speafic fuel consumpsion
R Comyuessian ignitlan
8rf Erave thermal efficlercy
) Cotlmn manoxide
HC Fydracarban
O« Crit2g of mitrogen
G Lapii] petrgloum gas
oG Conpeysed natural gay
070/8d10/n20 Bio (0.5) Llosl 704 +Blodiesel 1090 n-butanol 209 +biagas (0.5 bq/h)
D70/8:10/n20 Bio {1.2) Dicsel 70%+Biodiesel 10%4n-butanel 20% +biogas (12 ha/h)
B70/8d10/n20 Blo () . Diesel 70%+Biodiesel 10% 4 n-butancl 20% +biogas (2 kg/h)
DI0/Bd20/n10 Bio (0.5) Diesel 70% +Biodiesel 20%+4 n-butangl 1054 41}'0;&.‘ (05 ko'h)
D70/BU20/n10 Bio (1.2) Dicsel 70%4 Biediesel 20% 1 n-butanal 100 tbiogas (1.2 1.{3,-1._1

D70/BU¢/n10 Eio 12)

Dol 70% i Biodiusel 20% v n-butanal 10% +blonas (2 hg!h)
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Effect of compression ratio on combustion, performance, and emission

cl.mrf;ctcnsucs of compression ignition engine fueled with palm (B20)
biodiesel blend
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Berened b IEvited [ |$p-;:‘.n'| ofittmal (J03] ezl Hlond for enlity in compiettian iznibon engine Jt CONBLINT CUIMIEs -
1% hiarch 2019 sien ratio Literature Lsess an 112 stnly of palin-based bicdicsel in Blended forny a0 varying cnsihe
Accepied 25 Apid 2019 contpietsion tatias bt s iy, 4 initiatee was undertaken wstudy the effect of varable compivinian
Avilatle sabine 1 Wy 2019 rana (161, V2.1 arad 18:1) an vaious engine charagteristics by fuelling 200 palin iodiescl Ll g
tompienlon lgnition engine. The agnitan delay penod deaiedsed, whereas the peak rylinder pressuee
eywaris and brake thermal elficiency increated u_uh increane in the enpine compression rato fram 1l 3 14:1,
Eaatierrl At 35 Lar bmep, brake thermat efficlency values were obterved ta be 249, 308 and 135% at 16.1, 171
Bend and 18:1 CRy, respectively in D20 fuel Mareoven, Incredring comprewicn ratio from 15:1 to 18,0 the
Compiesthon (gt Averape redudtion i entstgng L [ idiecarbon, cdiboan manudade and tmuke opacity were slrsevad to
Cointantbhon {xe 478, 410 and 157, repectively wlieread, oxides of nitregen emissions ingreased by 411% Thas, it
Dresel [nferved that B20 fuel performed well ar Righ engine Compesnnm rabo,
02019 Elteveen 101 AL pzbosy gercived
1. tntroduction stingent emission porms day by day. Widespiead apphications of

\ non-renewable fuels amil the environmental issues related Lo their

voirldwide usages of compression ignition (CI} engine for e encouraged the rescarches to focus an renewable altermative
ditferent apphieations resulling fassil fuel depletion and enviton- E 3'Mg"“""-’_’-"t‘-‘*"-'“"”_“_m‘“dc"'f'"” arg gontinuoasly evplared
mental degradation This result i increased worldwatls conven tor the production and wiilization (in €1 enyune) ol vanoas slier-
tional fuel usage and dlminishing underground catbon resouces natwe fuels [3-5] "”_ﬁt"it‘ L!‘l'-'d“l{;lall*"ll‘- iferred dhat alternatne
an account af hndscriminate extracion al nan-tenewable cocigy foeis pomise a farmanious correlation with eqergy conses ation,

cources, Apart from that, the widespread use of fossil fuels s alen sviamable  development. enwironmental - preservation,  aid
associated will environmental concerns such as global warming ency .
and clinate change. The harmful ciissions emit from diesel en- Diodiesel as an alternative reneviable fuel picking up papulanity

gines campnise hydiocabon (HC). carbon monauide {COY, parzic- s itisa d'—‘:"' "‘“5‘51‘1"“"“’ fuel terived via lf-'l“!x'_SffllﬁC-'lllml of
1ate matter (PA) and oxide af nitrozen (NOx)[1.2] Though, every vegetable oflfanimal fat [6]. Diodiesel has been cundidered aca fuel
r : Ve envitonment-related issues Dy enforcing that adds to energy sustainalitity, and can be wsed in CFengines
uaLion is trying ta tackic €H cither inpure form or by Wending with conventionaldicsel [T 10
mirre cco-frendly aml noustovic fuel when compared o oy
iesels mareover, 1ty ligh lubricant properties improve cagne
perlormapee as well (8] Murlidharan et al 197 wtilized Besdicsel
Plends in CF engine and exprestedd that brake themul elioency
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ABSTRACT

Cawalytic reforming hat Yoo coasldered wa gn effective technlque to produce hydregen (M1 /synpes from the
varions Teedsiocka. The pretent study loaused oo the dry refarming of biogas with Nl (10wl Y catalyans
suppurted an cerla (Ce0) o 1 panalyst wlith euned qupoont of ceria and zine oulde (2n0) The pattnired
catslysty were chanacteitzed by 1 T0R, FUSEM, EDEL XD and 20T trchnlques. The effcct o/ 2o Leding 110 and
20w WY on the cotal il sceaby wor anensed with repeat 19 vatious perfarmanee paranetens, lwrearcd pe-

actlememperatue oe 0530 e G A Ceauied a dgaificant lncreave bn reaciant comverdon and pradoin vicld

AL LT, QU canveridon aaal 11y trteetlvity sechioved were 151 2nd 5 2%, respectively, wherea, ar +8°C,

d I 135 T4 ) pelentinity s achieved with Wi CeDyeatalysn Fuither, o
wat ebserved that B supponied oo meved quzpart exhitieed bigher reactaet convensinns when canpared 1o N
SUpfened with cena, AL YOO L Mg 12/ T2ng 0 Ceg o) catalnt shomed bigher ClH, and CO; conversion o BX1 and
7.0, tenpectively, with 40 3% of 11; enrichment. Cuten depolsion vate Iy mlred suppert caralyst was eb-
served to be lew when compared 10 slngle support material alter 74 of contlauous 2y reforming feaciion,
Fusther, In order to eeduse carbaun depotition on the catalynl b, doy avidative reforming was carrbed wal ag

650°Cowith varylog propostivns of 001, ratke which reaulied in significantly higher Cll, eonvertoe wity ko
catalyu .!cpn(.lu.-:

enhanged Clly eonverian 1745 0] o

1. Introductinn

Currently, waorldwide research is focused on renewable gascous
fucls lar pawer or energy generation [1). Al present, the power pel.
marily originates [rom the combustion af fossil fuels, which are noa-
renewable and limited, Hydrogen (113) @ envisioned as a clean and
appealing energy carrler In the 2151 century [2]. 1, s primarily pre
duced by catalytic steam reforming of petroleum cerivatives stich o
nawral gas or naphtha (3] with the increaging demand of 1y and
depletion of fuwid fuels, rencwalile rezources for Hy productan have
gained attenton. Hy from renewable sources, such s Llogas, srems tu
te a promising route {n view of its sustainatilly and JD‘:'E\‘II'.II[:I',-' 14
Blogas primarily consisig of methane (C1), carben dipnide [COZ), 20d
trace= of hydrogen (Hy), carlan monoxide (CO), hydrogen sulfide (H,;5)
and oaygen (04 15]. Moreover, its composilion largely depends on the
feedstnck used during blogas produston [6]. Recawse af the main
concerns telated 1o the vtilieation of blogas directly In compression

* Correspanding author,
** Comvespenadinp authar.

ianitiaa [Cl) ergines, espee

Uy due to carbonbased emisyions and
reduce efficlency, a techniy

ue Le. diy cefarming of Llogas hae been
supgested by the various researcher to produce Hpentiched gaseaus
[uel 17.8}.

Dry reforming provides an elfective approach to uulize Cllyand CO:
{grecrlioute gaset) by converting them lito Hy/fiymgas (9] Dheapite this,
v reforming process Iv nnt implemented indusinally due 1o huge
enatgy requirement and carben depasitlon, which lead 1o drotivated
catalyss [10). Alsa, diftizutties of catalys making |

. ar diy refurming
teoctlunt are 1o Hmit coke faomation, while Wrereasing My yivle [11]

Fromenergy conmmption a:pect and Ny economy, afuredaid grals must
I accomplishied at bringie: down temperatures than cem ent:aal iry
refarming, Noteworthy, reduchng the reforming temperature compara.
tively reduces the catalyst activity, Chen et al, investizated the elfect of
H25 inthe blogas dry reforming reactions and stared that the 1S canses
server catalyst deactlvatlon [12]. Aleng these lines, 1o achieve high 1y
yirld/selectivity with leat carban deactivation, develovpisent ol
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Combined impact of varying biogas mass flow rate and rice bran
methyl esters blended with diesel on a dual-fuel engine
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and Haeng Muk Chot
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ABSTRACT ARTICLE HISTORY

For fetching day-to-day energy needs, cunrent encrgy requirement majorly Recelved 31 December 2015
depends on fossil fuels. But amblguous maltter live abating petraleum Revised 26 harch 2019
products and expanding alr pollution has enforced the cxperls to strive Accepted 18 May 2019

for anather fuel which can be used as an alernative o reduce the applica-
tions ‘of fossil fuels. Considering the issucs, the man objective of the
present study is to find the feasibility by using blends of rice bran ol
biodiesel and diesel which are used as pilot fuels by blending 10% and
20% biodlesel in fossil diesel and biogas, Introduced as gaseous fuel by
varying its mass flow rate in a dual-fuel engine mode, An experimentation
study was carried out to find the performance and emissicn parameters of
the engine relative 1o pure digsel. The results were very much similar to the
majority of researchers who used Llzdiese! and gaseous fuels in a dual-fuel
engine. Brake speclfic fuel consumptian (B5FC) of the engine was noticed 1o
have increased, while brake thermal efficiency was an the lower side in dual
fuel mode in comparison with regular diesel In relation with conventional
dlesel, it was noticed that combined effect of rice bran methyl esters and
varying mass flow rate of blogas showed a3 decrement in NO, and smoke
emissions, whereas HC and CO exhalations were on higher side when
biogas and biodiese! were utilized collectively in dual-fucl engine. Hence,
it was cancluded that combination ef blends of hodiesel and dissel and
introductian of blogas in the englne can be a promising combinatian which
can be used as a substhte fuel for addressing future energy needs

KEYWORDS
Bisqas: rice bran blodiewcl;
dual-fuel engine

Introduction

Need for energy boosts up by 6.5% annually and more than three-fourth petroleum products are
imported from other countries to satisly the increasing demand in Tndia, due to which (he country is
facing energy crisis and it has become mandatory 1o minimize the use of conventional resources o
energy or to opt for alternative sources (Goga et al 2018; Kusumo et al. 2018; Patil et al. 2015,
Suresh, Jawahar, and Richard 2018). Morcover, the exhaust emissions like carbon monoxide (COY,
nitrogen oxide (NO,), hydrocarbons (HC), smolic etc emitted by petrolewm products ave attributing
a huge l0ss 1o environment and society (Damanik et al, 2017; Kalsi and Subramanian 2017) and Paris
pact is a future environmental deed. The disaster caused to atmosphere owing o the excessive
adoption of petroleum products can be compensated by the use of alternative fuels. based on
biomass. The success of sustainable energy process s sull limited because of its low production

CONTACT Bhupendra Singh Chauhan @ blwipece 20075 vabvao ¢
University, Phagwara, Punjab 144471, India

Colot versions of one or more of the Ngures in the antlzle can be found ontine at www tandfonk
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The present study includes first attempt (9 d5tens the performance of bure M nanepaiticle towards diy
and autathernuat-dey e of synthetie biagas. Influsnze of feagtion temperature was stang oo Ha/
CO ratio bin Loth Felormin 2 o e iet wherBaL wieight hour space veloary (WHSY ] shewed warhite
products yields fin @y ietipeas K dawed Better perfarnanee at gh tempsiature and taw
Hhisheat CHl comvertbon and 1 aelrcrary ef 771 and 16 T2, respeclaely, weie olaugmwd 4 U2
termperdiure and 200080 ub e P WHEY, whereat, increased WHSY to 40 0C0 MmlL 2" RS A and
163 decrement (0 Clly vonvoiusa and Mg selectivity was ebserved. Autotheomaledey defonmang
ernplayed 2t 017 O T ratw sl hogh reaction temperdture { 2850 *C) showed imprend performance
i terms of reactant enmecislon and 11y yield. AT S00C Gy conversean Jind 11 setectivity of £1 8 and
3593 respectively, were ebained a1 007 0g/C1 L ratlos inautothermal-dry relormng. Carbon depovitian
of 0A0wWIT wai examined under dry reforming at 202°C. whereas., neghgible caban deposition
(0001wt 1) was obvierved Incase ef u'n'.rxhﬂmﬂ-:lq- refanmang. Thids, autethermmal-dry relerming ollers
Letter aptean far Uy enichment ded elfectively addrestes the prablenys of carben depesition and hizh

erterey mevpaiienient of iy peloaobn g proseds.

O 20010 Elewier Ltd Al vzt resemedl

1. I'ntrodur:l:i_nu

Today's worldwide energy sectors are mainly focused on power
generation by vslng unsustamable fossil fucls, However, {0 the
long-tenin perspedl [ve, pawer must be produced froan the renew-
able resouices beeause of unpredictability and shopage ol world-
wide Tossil Tuel reserves. Over the Lt few decales, the su-called
renewable fesauices [ar powier or eneigy gencration have aligady
been propoted; including sun. warer, wind and biomass [1] tnsnte
af this. traisitien of these respurces has slowed down due (o the
non-availability of wind and solar power, round the clock |2]
Therefore, to addiess this aforementioned situation, it is funda-
mental ta move towards a renewable resource independent af
metearological conditions. In this context, bivgas produced fiom
biamass is envitioned as 3 viable energy resource that, ifmanazed
properly, cuu'd be stored and used for power generation. Truth e

. trunpqml.iu-; FA )
Fomad aditrnaes palirodhaOidpmaneam (I Boshal amindilefshopan edy
[A. Dhir} "

Ligs ealamg 1 1010 enerpy 2049 02 00
Oa-542 e 2010 Clesvaer Lt AL nghty peserved

told, India has afficially upgraded the capabulity of bingas plants Lyy
IETfrom 2004 10 2015 | 3] Methane (€11 §s the main Danmmable
companent present In biagas in addition 1o €Oy & HaS, which are
tosidered as impunties. Diogas is relatively cheaper and cleaner,
itsutilization to produce energy elficient product (ke Iy-entiched
lnogas has attracted attentian because of the veorldwide RN THIAY
of biogas [5] Both CHy aned COpare the sractise tenevcalile carban
wurce; thas, exploitation of Biogas 1o produce Hp-puiched gas
streanm not just wses the two nutewortly vzane depleting 2505
LLHg and €Oz} but can be wsed for pawer or enceny penzeatan liy
direct combustion in the compression Ignition (C1) engine unde

dual fuel mede, The gascous fuel (especially 1y, bogas, Lyngas)
induction in a Cengme and its Influence on the combustion, per-
formance and emisslon charactenisties under shual fuel mode has
Leen tharoughly reviewed |51,

Several catalytic refarming provesses have Leen repocted i the
st far the production of He-eniched Lingasfspineas viz, seam
iclorming (SRY]G.7]. dry reforming (DR) 8.5, partial exidatian (PO
HO], ete These refansing techniques vary in their oddant used,
vioduct o [HE/C0) encigetic and kinetics of the reamnion
Amang these, anly SR has been cammercialized Loy the meduchion
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Performance and emission characteristics of CNG-fueled compression
ignition engine with Ricinus communis methyl ester as pilot fuel
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Abstract

Mtg? . Pm'ﬂrj'lm prices, its drying sources mid legrdition m an quality focused interest on renewable coergy SOUICY

mt“-“““t: fn,l?r evisting fuels for internal combustion engines 1his sy hightights the combustion, perfaanance, and e san
characteristics of dicsel engines fucled with compressed natral gas (CNG) as prinsary foel and eastor (Ricinns commiaie) vl
methyl ester (COME) as pilot fuel, COME was produced from pon-cdible grads Ricinus comniis oil. The biediese! fucl
Df‘llp:ﬂ'.it\ and clamcterization was done as per ASTAL DATS1 epecifications. The CNG was inducted through inlet manifolid
fumigation ata consistent Mlow rate uf 15 Uimin under dual-fuel meda. 1t is evident from the test results that B20-CNG yields brak.e
themaal elliciency of 23.6% when comparad 1o 28 and 277 for [ ONG and dizsel fuel, respestively, The peak cplinder ¢

pressure was Tower in dual-fuel mode when compared w cenventonal diesel, The ennsiion pesults show increase in W,
cmission by 24 5 and 28.4% for D-CNG and B20-CNG, rspectively when compared to bascling diescl fucl at fall engine loact
There was mcrvass in HC emission by 6.7 and 115 whereas CO cnivsions deersased by 316 and 37.35 for D20-CnG il B-
CNG, respectively atsimilar operating conditions, Reduction in gnoke opecity by 494 and £0.67% was achieved ropectively T
D-CNG and B20-CNG under dual-fuel made, On the whole, COME exhibits a betier pilot fucl chiaice for dual-fuel combustion
made in companson to conventional fossil petrolewm diesel in tenns of combustion, performance, and emissions chianactershes

¥eywords Dual fuel - Smoke - Diodicsel - Ermvissions - Chi

]

Homenclature 8] Cuinpretsion ipmlion enging
CNG  Compreised natural gas D Top dead center
COMLE  Castor oil methyl ester s01 Stat of injecticn
LCv Lower calorific value DTE  Drake thermal efficiency
DIM Dual-fuel mods BSEC  Brabe-specific encrgy conumphion
ASTM  Amencan Sodiety for Testing and Methods co Carton monoxide
LM Liter per minule CO2 Caubon dioxide
NO, Oxides of nitrogen H ":-'dmc:‘:llmﬂi .
a0l Sodium hydroside i Revolutions por minute
| Spaik ignition engine
Introduction
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