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 

Abstract: Work has been carried out using four stroke single 

cylinder diesel engine with retrofit attached with fuel injector and  

at optimum injection pressure 210 bar and 230 BTDC. The main 

purpose of using retrofit is to achieve HCCI (Homogeneous 

charge compression ignition) with which emissions can be 

reduced.  Four Variants of retrofits were used and with V-cut type 

retrofit it was found that there is reduction in toxic emission like 

CO and NO but there was slight increase in HC emission when 

compared with normal fuel injector. Engine performance was 

compared with normal injector and injector with V-cut and it was 

found that Break thermal efficiency was increased by 0.25% at 

full load and 1.53% at 80% load and specific fuel consumption 

decreased by 0.01%. 

Keywords: Fuel Injector, HCCI, Retrofit, Emissions.  

I. INTRODUCTION 

The Diesel engine is a very hot cake topic for most of the 

researchers since from decades. Many experimental works are 

being carried out to reduce emissions because most of the 

toxic emissions are released from these engines. Most of the 

air borne diseases is occurred because of these toxic 

emissions. In this view many researchers are working towards 

reducing emissions. In this connection fuel injector plays a 

vital role since fuel sprayed from fuel injector. Different types 

of fuel injector are available with different nozzle hole sizes 

and with varying number of holes. But if the numbers of holes 

increase it leads to more fuel consumption which will increase 

specific fuel consumption. The present work has been carried 

out with four variants of retrofit.  

 
Fig-1: Figure shows parts of fuel injector. 
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II. LITERATURE SURVEY 

1. W iEthan iEagle iet ial. ihas ibeen iexperimentally 

iinvestigated ion ispray ibehavior ifrom imulti ihole inozzle, 

isince ispray ipattern iand ispray ibreak iup ilength iis 

iimportant ito iknow ifor ifurther iimprovements iin iengine 

iefficiency iand ieven ireducing iemissions ithis iinvestigation 

iwas icarried iby ihigh ispeed iimaging iof idiesel ispray ifrom 

iinjector iemployed iin ithe iCRDI isystem. iThe ifuel 

iinjector inozzle ihad i4 iholes ialigned ion ia iradial iplane 

iwith idiameters iof i90, i110, i130 iand i150 ilm. iFuel iwas 

iinjected iat iroom itemperature iat ichamber idensities iof 

i17.5, i24.2, iand i32.7 ikg/cub-m iand iFIP iwas ivaried ifrom 

i1000, i1500 iand i2000 ibar. iFrom ithe iresults iit iwas 

iobserved ithat ithe ispray idiffusion iinformation ishowed 

isignificant ivariation iin ithe ispray igeometry iat ipast itimes 

iand ithe igreatest ipenetration idistance idid inot ioccur 

ialong ithe ispray icenterline iduring ithe itransient iperiod iof 

iinjection. 

2. F iRuiz iet ial. iThis ipaper iinvolves ithe iinvestigation iof 

idesign iand iworking iconditions iof ithe iengine ion ifuel 

iflow iand iits iatomization i iand ieven ifuel iproperties iwere 

ialso ibeen iinvestigated. iThe iplain-orifice iand iswirl 

iatomizers iwere iinvestigated iand icompared iwith ieach 

iother. iIt iwas iobserved ithat iatomization iwas iobtained 

ibut ithere iwas imore iflow irate. iCorrelations iare iobtained 

ifor idischarge icoefficient iand ispray iangle ifor ifuel 

iinjection ias ia ifunction iof i8 idifferent idimensionless 

ivariables. iBecause iof ithis imore iflow irate iit iwas 

irecommended ito igo ifor iimproved idesign iof ifuel 

iinjectors. 

3. M iE iMcCracken iet ial. iThis ipaper iis ibasically ifocused 

ion ithe iswirl imotion iof ifuel ibeing iinjected iwhich iis 

iquite iimportant iparameter itoo isince iit ieffects imixing iof 

ifuel ijets, iheat irelease, iemissions iand ioverall iengine 

iperformance iwhich ican ibe ieffected iby ithe iswirling 

iaction i/ iswirl iflow ifield iso iin ithis ipaper iit iis ibeen 

iinvestigated ithat ihow ithese iparameters ieffect iby ivarying 

ilevels iof iswirl iflow ifields i imost ifavorable ilevel iof 

iswirl ifor ieach igeometry ithat iresults ifrom ia ibalance 

ibetween iincreased ijet isurface iarea i& ihence, imixing 

irates i& iutilization iof iair iin ithe ichamber. iThe isplit 

iinjections imay ihave ia igreater irole iin idetermining ithe 

imixing iproperties ithan ispray-spring iinteractions ias 

iregards ithe ifraction iof ithe ifuel iinjected iin ithe imultiple 

ievents iand iother ifeatures iof ithe iinjection iprofiles. 

4. Nithya iMahottamananda iJayapal iet ial. iThis ipaper iis 

ifocused ion ithe iatomization iof 

ithe ifuel iby iswirl iinjectors 

isince iswirling imotion ispreads 
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ithe ifluid idue ito ithe ieffect iof ithe icentrifugal iforce iand 

ispread iout iin ithe iform iof ia ihollow icone iliquid isheet ias 

ithe ifluid ileaves ithe iexit iorifice. iExperimental 

iinvestigation iof iplug itype iswirl iinjector iat ivarying 

iinjection ipressure iresulted iin idecrease iin ibreakup 

ilength, ithe ispray icone iangle iand iincrease iin ivolume 

iflow irate, iwhile iin iturn ithere iis idecrease iin ithe 

idischarge ico-efficient iwith ilow iFIP, ibreak iup ilength iis 

iless ifor iplug itype iswirl iinjector iwhich iis iimportant 

ispray icharacteristic irequired iin icombustion ichamber iof 

ihybrid irocket. 

5. Avinash iKumar iAgarwal iet.al i ihas ibeen iconducted 

iexperiment ifocusing ion ithe iemission iand iperformance 

icharacteristics iof isingle icylinder idiesel iengine iby 

ivarying ithe iparameters ilike iinjection itiming i(SOI-start 

iof iinjection) iand iinjection ipressure i(FIP-Fuel iinjection 

ipressure). iIn iobservation iat ilower iFIP iand iadvanced 

ispark itimings igave igood iROHR i(rate iof iheat irelease) 

iin iearly icombustion istages, iBTE i(brake ithermal 

iefficiency) iwas ialso iincreased iwith ireduction iin iexhaust 

igasses. iCO iand iHC iemissions iwere ireduced ihowever 

ithe iNOx iemissions iwere iincreased. 

 i i i i i iMost iof ithe iresearchers iworked iin ithe ifield iof 

iincreasing ithe inumber iof inozzle iholes, ivarying iinjection 

ipressure, isplit iinjection, ipilot iinjection imethod. iWith iall 

ithese iliterature isurvey iit iis ifound ithat iwith ione iare ithe 

iother imethods itoxic iemissions ican ibe ireduced ilike iCO, 

iHC iand iNO. iBut igap iis iidentified ifrom ithe iliterature 

isurvey ithat inone iof ithe iresearchers iworked iin ithe 

imodification iof ifuel iinjector. iIn ithis iview ithis ipaper iis 

imade iwith imodification iin ithe ifuel iinjector. 

III. METHODOLOGY 

• Designing various profiles of retrofit using solid edge 

software. 

• Use of D2 alloy steel for manufacturing retrofits. 

• Modifying fuel injector in order to fit the retrofits. 

• Experiments were conducted with various designed 

retrofits. 

IV. EXPERIMENTAL SETUP 

 
Fig-2: Figure shows four experimental setup 

 

V. FUEL PROPERTIES 

 
VI. RETROFIT MODELS 

 
 

Fig-3: Single side blade cut model 

 
 

Fig-4: Double side blade cut model 

 
 

Fig-5: Curved blade cut model 
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Fig-6: V-cut model 

VII. RESULT AND DISCUSSION 

 

 

 
 

 

VIII. CONCLUSION 

 BTHE increased by 0.25% at full load and 1.53% at 80% 

load with V-cut retrofit. 

 CO emission decreased with V-cut retrofit. 

 HC emission decreased with V-cut retrofit. 

 NO emission decreased with curved blade retrofit. 

 SFC decreased with V-cut retrofit. 

 Smoke Opacity decreased with V-cut retrofit. 
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