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Abstract:Thehomogeneousandstableethanol-diesel-gasolineblendfuelisformedbyusinggasolineasthesolubilizer.Theperform-

anceexperimentsarecarriedouton135 single-cylinder4-valvedieselenginewithdifferentmixturerateofthisnewblend-fuelanddif-

ferentnozzlemodes.Theresultsshowthefollowingconclusions:fueledwithappropriaterateethanol-diesel-gasolineblendfuel, theen-

ginepoweroutputandfueleconomyofenginekeepthesameleveltothoseofdieselfueloperationwhilethesootandNOxemissionde-

creasedremarkably;atthesametime, ignitiondelayperiodprolongs, in-cylindermeantemperaturedecreases, combustionvelocity

becomeshigher, combustiondurationbecomesshorter.WhenHLconicalspraynozzleandtheE20G15 blendfuelareused, thefuel/

airmixingvelocityandthehomogeneousofmixtureareimproved, inthewholeoperationrange, in-cylinderpressureandmeantempera-

turearebothlower, moreover, sootandNOxemissionaredecreased;thecombustionprocesshasobviouscharacteristicsofhot

premixedcombustionmode.
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Ethanolisabio-fuelmadefromplantsandcrops,
thecharacteristicsofreproducibleandenvironmental
protectionmaketheresearchesofitsapplicationonin-
ternalcombustionenginearefocusedmuchattention
upon.Whereverhomeorabroud, therearemanyre-
searchesonethanol

[ 1-2]
.Now, ethanolfuelhasbeen

extendedandappliedtogasolineenginesuccessfully.
However, therearesomeproblemsanddifficultieson
theapplicationofethanolfuelindieselengine, andit
isstillatresearchingstage

[ 3-4]
.

Ethanolmoleculecontainswith34.8% oxygen,
ethanolhasthecharacteristicsoflowtheoreticalair-
fuelratioandwideignitionrange, whichcanimprove
combustion;ethanolandgasolinehavesimilarcharac-
teristics:lowercetanenumberandviscosity, andgood
consistencywitheachother;butthecharacteristicsof
ethanolaredifferentfromthoseofdiesel:ethanolhas
lowercalorificvalue, highergasificationlatentheatand
badconsistencywithdiesel.Forgasolinecandissolve
withethanolanddieselrespectively, thispaperpropo-
sessomehomogeneousandstablediesoholwhichfitfor
dieselengine;thecombustionperformanceexperiments
arecarriedouton135 single-cylinderdieselengine.
TheeffectofburningblendfuelwithHL(Highdisper-
sionandLongpenetration) conicalspraynozzle

[ 5]
on

thecombustionandemissionperformancesofdieselen-
gineisresearched.

1　Experimentcondition

1.1　Confectionofblendfuel
Confectionofblendfueladoptsvolumemethod,

andgasolineisusedtobethesolubilizeroftheethanol-

dieselblendfuelwhichisconfectedtofitfordieselen-

gine.Forexample, theblendfuelisconfectedby60%

diesel, 20%ethanoland20%gasoline.Itisabbrevia-

tedasE20G20 fuel, subsequentblendfueliswritten

intoshorteningasthisrule;and100% dieselfuelwill

bewrittenintoE0.Forcomparison, combustionande-

missionperformancesofE0, E15G15, E20G15,

E20G20burningindieselengineareresearchedinthis

experiment.

Fuelconsumptioninexperimentisswitchedinto

thefuelconsumptionofdieselfollowingtheconserva-

tionofenergyprinciple.

1.2　Experimentapparatusandmethod
Theengineinexperimentis135 single-cylinder4-

valvenaturalaspirationdieselengine.Performance

comparisonexperimentsaredoneaccordingtoconstant

speedcharacteristicsatratedspeed.

Onconditionof7 ×0.25 ×150°multi-holenoz-

zle, blendfuelwithdifferentrateareusedincompari-

sonexperiment.
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ConicalspraynozzlewasinventedbyDalianuni-
versityoftechnologyatendof1970s;itismainlyap-
pliedtotheresearchofDHPC ( DieselHotPremixed
Combustion)

[ 6 -7]
.HLconicalspraynozzleisthesec-

ondgenerationofconicalspraynozzle.Itcanbeseen
fromFig.1.Inexperiment, HLΥ1.5 ×140°nozzleis
used, andtipdiameterofneedledcis1.5mm, orienta-
tionsurfacecornerangleβ is140°.

Fig.1　SchematicdiagramofHLconicalspraynozzle

1.Needle, 2.Needleseating,
3.Conicalprotuberanceatheadofneedle,

4.Groovesonconeshapeorientationsurface.

2　Experimentalresultsanddiscussion

2.1　Effectsofmulti-nozzleanddifferentrate
ofblendfuel
Dieselperformancecomparisonoffuelingwithdif-

ferentrateblendfuelisshowninFig.2onconditionof
using7×0.25×150°multi-holenozzle.

Itcanbeseenthat:stoichiometricalfuelconsump-
tionofblendfuelisappreciablyhigherthantheoneof
E0 fuelatlowload, anditislowerthanstoichiomet-
ricalfuelconsumptionofE0 fuelatmidload, itisal-
mostequaltostoichiometricalfuelconsumptionofE0
fuelatfullload;Sootemissionofdieselenginereduces
remarkablyatfullloadwithdifferentrateblendfuel,
sootemissionofdieselengineisclosetozeroatlowand
midload;NOxemissionisreducedafterburningblend
fuel, itismoreobviousatlowandmidload, butitwill
notbeobviousatfullload.

Fig.2　Effectsondieselengineperformancewith
differentrateofblendfuel

2.2　EffectsofblendfuelandHLconicalspraynozzle
TheexperimentresultswhichcompareHLconical

spraynozzlewithmulti-holenozzleofinjectingE0 and
E20G15 respectivelyareshowninFig.3.Comparisonof
ignitiondelayperiodscanbeseeninFig.4.From
Fig.5, itcanbeseenthatthecomparisonofdifferentfu-
elpipepressures, in-cylinderpressures, heatrelease
rateandin-cylindermeantemperaturesat100% load.

Fromabovecomparison, itcanbeseenthat:NOx
andsootemissionreduceremarkablywithHLconical
spraynozzleandethanol-diesel-gasolineblends;atthe
sametime, ignitiondelayisprolongedcorrespondingly,
andin-cylindermeantemperaturedecreases;fuel/air
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mixingtimeandmixingrateincreaseremarkably, these
canimprovetheformationofin-cylinderhomogeneous
mixture, finally, hotpremixedcombustionofdieselen-
ginecanbeachieved.

3　Conclusions

( 1) Gasolinecanbeusedasthesolubilizerof
diesohol.Inappropriaterate, fullsolubleandstable
ethanoldieselgasolineblendfuelcanbeconfected.A-
bout20% substitutiveratecanbeachievedondiesel
engine.

( 2) Afterusingethanoldieselgasolineblendfu-
el, dieselengineemissioncharacterisimprovedre-
markably, sootandNOxemissionarereducedobvious-
ly;whenusingHLconicalspraynozzleandfueling
withE20G15 blendfuel, homogeneitydegreeofin-cyl-
indermixtureisimprovedfurther, combustionvelocity
willbehigher;atallloadrange, thein-cylinderpres-
sureandmeantemperaturearelower, andNOxand
sootemissionwillbereducedsimultaneously, thewhole
combustionprogresshastheobviouscharacteristicsof
DHPC.

( 3) Experimentsshowthatethanol-diesel-gasoline
blendfuelhasthecharacteristicsofgoodatomization
performance, goodmixtureformationquantity, longig-
nitiondelayperiod, highcombustionvelocityandshort
combustionduration.Newfueldesignprojectisgood

forachievingdieselenginehotpremixedcombustion.
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柴油机燃用乙醇 -柴油 -汽油混合燃料的试验研究

杜宝国, 隆武强, 魏胜利, 董　全, 冯立岩, 许　锋
(大连理工大学 内燃机研究所, 辽宁 大连 116024)

摘　要:以汽油为助溶剂配制出均匀稳定的乙醇 -柴油 -汽油混合燃料, 在单缸四气门 135柴油机上对燃用不同配比混

合燃料及使用不同油嘴型式进行了性能试验。结果表明:燃用适当配比的乙醇 -柴油 -汽油混合燃料, 柴油机动力性 、 经

济性基本不变, 碳烟和 NO
x
排放下降明显;着火滞燃期延长, 缸内平均温度下降 , 燃烧速率加快, 燃烧持续期缩短;当使

用 HL伞喷油嘴燃用 E20G15燃料时, 着火滞燃期进一步延长, 油气混合速率和混合气均匀度明显提高, 在整个工况范围

内, 气缸压力和缸内平均温度均较低, 碳烟和 NOx排放同时降低, 其燃烧过程具有明显的热预混合燃烧特征。
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中图分类号:TK421.2

202


