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Abstract

The application of emulsified fuel in diesel engirffgas been proved to be beneficial as it reducedxh
haust emission of both nitrogen oxides and pasdteumatter. The enhanced atomization, often agsdcisith
the "micro explosion" phenomena, will lead to befteel air mixing. In this study, the spray chamgdtics of
water emulsified diesel fuel with different watemtent were experimentally investigated in a cartstalume
combustion chamber with different injection pressuand various ambient temperatures. The bubliteso$
the water phase in the fuel was first measuredgusiicroscope for all the prepared fuels and stghitists have
been conducted to ensure no phase separation eéarsurement. The fuels were later injected andbostad
in a constant volume chamber with optical acces® dvolution of the entire injection was recordayigh
speed camera using Mie scattering. The images precessed to acquire the spray characteristics asitiuid
penetration and cone angle, as such, the impadteaimbient temperature and injection pressurtherspray
performance were evaluated. It is shown that boft0\{10% water by volume) and W20 were featured with
longer liquid penetration, especially under low #&nbtemperatures, which was attributed by the Vavatility
of the water. Notable increased cone angles ant&fed" main jet body were observed for emulsifigsl at the
beginning stage of injection indicating the possibtcurrence of micro-explosion.

Introduction

The stringent emission regulations as well asithigdd available petroleum resources around thddname
driving both the automotive manufacturers and acsal¢o find new technologies for cleaner and mdfieient
combustion in the internal combustion engine. Oremising method is to use emulsified fuel which emo-
nomically solve the classic diesel engine dilemmavin as the "Particulate Matter (PM) -N@®ade-off", since
a reduction of both exhaust emissions has beerdfbyrusing water-in-diesel fuels in direct injectmmpres-
sion ignition engine§l-5]. The emulsified fuel's capability of reducing tH®, can be attributed by the vapori-
zation of water, which lowers the flame temperatamd thus notably reduce the Né&mission. As for the soot
reduction, it can be explained by the better a@d fuixing process featured by the enhanced atomizaince
micro-explosion may occur due to the drastic vbtgtdifference between the different phase of finel, more-
over, the water dissociation can form hydroxyl caté during the combustion which help to oxidize oot
thus reduce the soot emissid@n.

Although emulsified fuel is considered an enviromta#ly preferable alternative with tremendous eroiss
reduction potential to be incorporated into therent fleet of the diesel engines without major aegnodifica-
tion, there remained several issues among whichsthigility should probably be the most concerri@dd]
Ghannani9] reported that the surfactant is crucial to stabithe emulsion; 0.2% surfactant and 2 minutes mix-
ing time can stabilize 10% and 20% emulsified diegeto 4 weeks and 10 days respectively, howewih
water content higher than 20%, the stability pefsoliimited to 5 hours even increasing the surfiasictmncentra-
tion. The ignition delay of the emulsified fuel cbustion is another issue as the ignition delay tivileincrease
greatly with the presence of water. Ghojel e{H)] has found that the ignition delay for the diesatev emul-
sion is always longer than that of the diesel fMghereas the injection pressure has little impacthe ignition
delay, the ambient temperature could significaintfiuence the ignition delay especially at higheater content,
thus injection modification might be required tointain the engine performance. The current studyaa-
dress these issues by exploring the impact of Ipfdlio-lipophilic-balance value (HLB) on the stabyl of the
emulsified fuels and by evaluating the impact otbimt conditions on the ignition delay.

The other aim of the study is to investigate thermixplosion phenomena in a spray flame. The megro
plosion, associated with enhanced atomization atigtibfuel/air mixing, has always been consideneel of the
major reason of the emission reduction by usingetimellsified fuel. Although numerous researchessasvn
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the existence of the micro-explosion for a singlel fdroplet[11-13], the presence of such phenomena in the
spray injected by a regular diesel injector id siilen to question. The discovery of micro-explasiin droplet
combustion arouses interest of researchers inrfindimilar evidence in the real engine combustidre pres-
ence of micro-explosion in atomized emulsion spragee demonstrated in separate experiments by aerof
investigatord14-17]. The direct flame photographs, temperature pofiied micro-explosion frequencies have
been shown by Fuchihata et[a#l]. They reported observation of small droplets whiiseneter were less than
50 um exploding in the spray flame. Wu et[&6] used the laser holography shadowgraph to visutizepray

in a diesel/water/ethanol emulsion in which an appiraised part can be seen in the main jet badyctimed
as the evidence of the micro-explosion. In a resardy of Raul et a[17], the "glowing spots" has been report-
ed and might have been resulted from micro-expitodioshould be noted that there remains substadiffer-
ences between the single droplet and fuel jet éxgert. The velocities of the droplets in a reagtapray jet
can reach up to ~100 m/s while the fuel dropledugscent in the single droplet combustion, thenpry and
secondary breakup due to the high jet momentumaanodynamic force may also affect the occurrenceiof
cro-explosion. Therefore, the speculation that oz@xplosions can occur in spray combustion neeoldx tsup-
ported by experimental evidence derived from spatagies. It is also interesting to discover thedtipn and
ambient conditions that favor the occurrence ofrmexplosion.

Experimental Methods

Preparation of emulsified fuel

An ultra low sulfur diesel (ULSD) obtained by lliiRS was used as a base fuel and the oil phasauise
fied diesel in current study. The cetane index, QDéfillation point, total sulfur, flashpoint, amiscosity of the
base fuel regulated by American Society for Testing Materials (ASTM) were tabulatedTable 1 In previ-
ous study, the three phases oil-in-water-in-oilV{@) emulsions were reported more stable than thases
water-in-oil (W/O) emulsion in Ref7]. Thus a two-step procedure was utilized to preffeged/W/O emulsions
in this research. A hydrophilic surfactant polyottydene sorbitan monooleate (TWEEN 80) with HLB & 1
was added into water for reducing the interfa@alston and retarding the flocculation, coalesceand,cream-
ing between oil and water phases. On the other,htedlipophilic surfactant Sorbitan oleate (Sp&) ®ith
HLB = 4.3 was added into ULSD to stabilize the mhiase. A magnetic stirrer (Temper, Fisher Scientifc.)
was employed to mix and heat the water and ULSDenthe TWEEN 80 and Span 80 were added in, respec-
tively.

An O/W emulsion was first prepared by adding 1/%d@ume USLD into water-TWEEN 80 mixture and
blended at 10000 rpm for 5 minutes. The above d@onulwas then gently poured into the specific amant
ULSD-Span 80 mixture and emulsified for a periodiofe at 50°C and 10000 rpm to form O/W/O emulsion.
The blending time period, including 5, 10, 20, 3@utes, were optimized by the later stability tektsaddition,
the HLB value is the most referable parameter ofastant selection and addition in emulsificatiorogess
while the higher HLB stands for more hydrophiliadency of a surfactant. A different HLB values were-
pared by Span 80 and TWEEN 80 while the combineBglvere calculated by the following equation:

HLB poo1 = HLBgxWs + HLBrxW5 (2).

Where S and T stands for Span 80 and TWEEN 80; Mésents the mass ratio of each surfactant {W
W; = 1). In the current study, the tested HLB weredufom 5.0~8.0 to prepared 700 mL O/W/O emulsion
while the optimization of HLB value took place bialsilizing 20 vol.% water in a O/W/O emulsion anére/
tested in term of their stability. The water congsevaried from 5 to 20 vol.% in this study with tlreed 2 vol.%
total surfactant ratio.

Table 1 Base line fuel properties

Molecular formula @-Cos
Cetane index 40 (min.)
Total sulfur (ppm) 7~15
Density (g/ml) 0.82-0.86
Auto-ignition temperature ~210
Q)
Lower heating value (MJ/kg 425
Flash point {C) 65-88
Boiling point (C) 180-230
90% distillation point {C) 293.3~332.2
Viscosity (cst) 1.5~4.5
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Fuel stability tests

There were three parameters have to be optimizeshiysion stability tests, including blending dioat
HLB values, and water contents. The following twethods were employed to characterize the stalufithe
emulsion: (1) a two-week (14-day) continuous reaafrfLiel daily changes; and (2) observation andyesie of
W/O droplet sizes using an optical microscope (OB BX51TF, TOKYO, JAPAN) with 400x amplifica-
tion and a charge-coupled device (CCD) video carf@ty MPUS DP20). The first method observed the aest
bilization of emulsion after the short term storafjee 15 mL of each tested fuel would be storea centrifugal
tube at 28C right after their production. The higher separaiftime at the bottom of tube after 14-day standing
means the less stability of emulsion. In orderdtingate the fuel condition after a long-term stexatpe second
method took place to catch the image and calcthat&auter mean diameter (SMD) of O/W/O bubbleadiyg
the Image-Pro Plus software version 5.0.2.9. Bybiligble size distribution and SMD measurementtehden-
cy of phase separation could be described whild #hday test showed no separate layer.

Experimental Setup and Procedure

A constant volume chamber with a bore of 110 mmaheight of 65 mm is used in this study. The cham-
ber can imitate the spray and combustion processdiésel engine, allowing a maximum operating sares of
18 MPa. The chamber has an open end on the topavitked silica (Dynasil 1100) end window insthltsp-
posite to the injector, allowing optical accesseThsed silica end window, sealed by a Tamshelrgzed
spring seal, is 130 mm in diameter and 60 mm iokiieéss, with a high UV transmittance down to 190 Am
six-hole Caterpillar hydraulic-actuated electrooamtrolled unit injector (HEUI) is mounted at thenter of the
chamber head. Four injection pressures ranging #f@riviPa to 130 MPa were used in this stublye cylinder
wall is heated to 380 K by eight heaters (Watlovef&d), to mimic the wall temperature of a diesajine as
well as to prevent water condensation on the optradows. Nevertheless, the oil line and fuel linside the
chamber head are kept at 350 K to simulate thatsituin an actual engine and stop the fuel evajordefore
injection. A Kistler 6121 quartz pressure transdusembedded in the chamber wall in conjunctiothwei 5026
dual mode differential charge amplifier. All pressii data and were ensemble averaged over at ighsirgec-
tion events, and the apparent heat release ratRRjdata were calculated from filtered, averagexsgure data
using an air-standard first-law analysis.

The procedure is started by filling the chambeatspecified density with a premixed, combustible-ga
mixture, including acetylene ¢8,), 50/50 oxygen and nitrogen, and air as showfinla The mixture is
pushed into the chamber by a piston accumulatortizen ignited with a spark plug. By burning the ture, a
high-temperature, high-pressure environment inctrember is created. Acetylene, with unity C/H raitsoused
as the combustible gas for its flammability and lsmdow contamination. Equation (2) shows the cloai
reaction of the mixture,

4GH,+(10+) O, +65N - 8CO,+4 HO +{ 0O, + 65 N (2)

where{ denotes the amount of excess oxygen. The chamidgeat contains 21% oxygen, 66.7% nitrogen,

8.2% carbon dioxide and 4.1% water vapor by volafter burning the mixture. The molecular weight floe
post-combustion gas mixture is 29.738 kg/kmole, #neddensity is 14.8 kgfinAs the products of combustion
cool over a relatively long time (~2 s) due to heansfer to the vessel walls, the vessel pressiawy decreas-
es. When the desired experimental conditions aehet, the HEUI injector is triggered and the fagction,
auto-ignition and combustion processes ensue. Tri@eat gas temperature, density, and compositionjet-
tion are determined by the pressure at the tinfaafinjection and the initial mass and compositidryas with-
in the chamber. For the experiments presentedisnptdper, three different ambient temperatures wensid-
ered: 800, 1000 and 1200 K, covering both low-tenajpee combustion and conventional combustion @seli
engine.

Image Processing

High speed images for both spray and combustiotietiare obtained with a non-intensified high speed
digital camera (Phantom V7.1), located above thealpchamber. For the spray studies, the light@®is sup-
plied by a copper vapor laser (Oxford Lasers LS@p¥ghich can be externally controlled to run upatmaxi-
mum frequency of 50 kHz with pulse duration of 25 Tihe high-speed camera and the copper-vaporvaser
synchronized up to 15,037 frames per second touygmdime resolved measurement at a spatial resolafi
512x256 pixels. A Nikkor 105 mm focal length lenasaused for the high-speed imaging and an expdisoee
of 3 us was used. The copper-vapor laser has two-cotpuguat 511 and 578 nm, with a power ratio of ..
filter out the light at 578 nm for this monochroiadtght extinction, two interference filters at hm and 515
nm with 10 nm full width at half maximum (FWHM) &aeking a 5 nm FWHM were used. The interference fil-
ters also served to block the visible soot lumitiesj though the intensive soot emission, espgcilhigh am-
bient temperature cases, may still contribute ¢éostlgnal gain and raise noises in the determinatighe liquid
penetration. The scattered light emitted from therfwas condensed by an aspheric condenser lehghan
reflected via a mirror of 6 mm diameter placedromt of the condenser lens that could be considasefdom a
point source before entering the chamber. A schierdedwing of the setup is shownfing. 1 The camera was
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triggered to start the recording by the injectiomalgand was set to record for a duration long ehdogcovet
the entire duration of spray and combustion. Tlagiapresolution of the camera was typically 0.10&pixel.
Shadowgraphs based on the diffran index variation for vap-air localization has been used for quit
long history. The use of this technique, usuallyolmed two optical windows installed inline on a&tehamber
was motivated against elastic scattering becausigeddifficulties involved in discriminating the border betwe
the vaporized fuel and surrounding air in reactngironments as pointed out by a few researc[17,18] In
the present study, a similar principle based orréfiection index variation instead of difction index variatior
has been adopted since only one optical accesgibtiow is installed on the top of the chamber. Téu& imeg-
es obtained from each complete injection sequerere ¥irst corrected by the first image of the respe <e-
guence which as taken right before the fuel injection. The his&n equalization was then performed n-
hance the contrast of each image and minimizeeffeet of the illumination intensity variation dte the im-
bient temperature difference and light degradatrom case to case. It is also found that this promeelini-
nate the bulk noise of the background which latakes easier the determination of both the liquidep®tion
and cone angle. As the camera will capture strongfection signal of the laseileam from spray, the liqui
penetration length can be defined as the distaeteeen the injector tip and the first pixel aboverase!
threshold along the jet centerline. The determimatf the threshold has been discussed by a nustbdies. Ir
a most recent study of Raul et [@l7], both the centerline intensities and the deriestiiave been used to divi
the spray jet into continuous liquid core, dropketsl fuel vapors. After performing a similar anayshe autho
found the determination dhe droplets penetration and vapors penetratiofddoee very challenging and b-
jected to inconsistency due to the aforementioret Biminosity noise in the background as can lEnda
Fig.2. Therefore, only one threshold was chosen in teegnt stdy and was referred as the liquid penetratio
is also worthwhile to mention that penetration & merely decided by "one" pixel touching the thiad, but
rather a 3x3 pixel arrays whose value are all athbedahreshold, such that the impact ol noise can be mini-
mized. Once the liquid penetration was determitieel,cone angle can be measured by finding theefstriBx3
pixel array above the same preset threshold peimpdadto the jet centerline in the similar fashas the liquic
penetratiordetermination. All the quantitative results wers@mble averaged over at least eight injection &\
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Results and Discussion

Fuel stability

After 14-day standing, the separate layers occurrade tubes of HLB equal to 6, 7, and 8, whictrev@,
16, and 20% volume of total emulsion, respectivélyerefore, nearly no separate layer, milky whigeitl of
emulsion indicated that the HLB = 5 is the reldiivguitable surfactant composition to the dieselénanterfa-
cial condition. However, both blending durationeimnd water content did not show any significafgatfin the
appearance of emulsion because of that all the O/@#sel with different water contents and operatimes
stayed in a stable one crystalline phase. Thuantire micro-scale observation becomes important.

The bubble size distribution and SMD could alsodgréghe homogeneities of different fuels. The smalle
droplet diameter leads to the greater reactiorasarper volume of fuel, thus promoting more conepéetmbus-
tion. Fig. 3 showed the bubble appearances, sizes and hombegerai the 5, 10, 15, and 20 vol.% water-
containing emulsified fuels under a 400x microscdpbviously, the 5 vol.% water emulsified dieself)Mad
the smallest and most homogeneous bubble disibuthile the big bubbles increased with the watertents.
For the quantitative analysigig. 4 show the probability density function (PDF) of B&N/O bubble sizes. The
PDF curves displayed the W5 and W10 had relatiki@er fractions of small bubbles aroundr@ while W15
and W20 had lower peak value at the smaller diantetgon. Additionally, all of the W10, W15 and W&ad
an extra peak close topn of diameter which means more non-homogeneoushdigon then W5. The volu-

metric density function (VDF) ifrig. 5was defined as:
VDF = the volume ratio (vol.%) of (bubble with specific diameter) (3)
(overall bubble volume)

VDF could amplify the contribution of those hugebbles with small number, which could not be shown i
PDF graph. According to the VDF, the specific b@sblvith relatively longer diameter were found awbun
17~21um and 24~3Q@m in W15 and W20 curves, respectively. The abogelte reveal that the destabilizing
tendency increased with the increasing water comtesn W20 still stay in a stable milky emulsioteafl4-day
standing.
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Figure 3 O/W/O bubbles of water-diesel emulsion with (a); %8 10%; (c) 15%; and (d) 20% water contents
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In addition, the SMD calculation showed that théeagion of emulsification time did not work whilleet
SMD of W20 with 5, 10, 20, 30 minutes operationatioms were 30.2, 29.8, 30.1, and 2Qr8B, respectively.
Therefore, 10 minute was practically used for ff&cient and sufficient property. For grading thelslity of
different water additions, SMD of W5, W10, W15, a0 were derived as 2.57, 5.91, 10.2, and A&n8re-
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spectively. This result again indicated the indigbof higher water fraction in emulsion which wduflocculate,
coalesce, and form cream after a longer time whigiported by the aforementioned VDF graphs. Howemer
et al[18] has reported that the micro-explosion strengthahamximum value around 40~60 vol.% of water and
decreased in either lower or higher region. Theagi® energy of nucleation will be small and leadc taveak
micro-explosion when the water content was smallemvwater ratio was large, more water needed tpozate
for keeping on an oil membrane formation, whichl Weidd to small water remained in dispersed bubider-
theless, the micro-explosion strength reduced thitghincreasing diameter of the dispersed bubbleblea in-
vestigated. Consequently, the W10 and W20 wereechdsr their higher tendency and strength of micro-
explosion while the storage time should be resdhin two weeks in current study.

Combustion Characteristics

The apparent heat release rates for differenttioje@ressures and ambient temperatures, derioea the
chamber pressure, was illustratedFin.6. It is clearly shown that among the different ahtes, the ambient
temperature had the dominant impact on the conthustiaracteristics. The lower ambient temperathife the
combustion phase towards premixed combustion,wikiexpected due to the longer ignition delay. $tneng
dependence of the ignition delay on the ambienptature agree with previous studig®,20] It is interesting
to notice that only at low ambient temperature &wl injection pressure, the increase of the watartent
caused slight longer ignition delay while in otloaises the difference is negligible. In the studybbjel et al.
[10], they reported an increase of both pressureiggnidelay and luminous ignition of the diesel erars
however, with 15% water content, the ignition deleas retarded by only ~0.02 ms compared with pigsed]
once the water content reaches 35% or higher, éteygumps up to ~0.2 ms. This agrees with oualtedo
some extent and confirms that with a water corttefdw 20%, the ignition delay of the emulsified sieshould
not accounted as one major issue. The increatisdhjection pressure reduced the ignition delayhe dy-
namics of the higher jet velocity entrained moreimto the spray jet. The higher oxygen concerdratn this
region reduces the auto-ignition delay. Even thoulgh impact of the injection pressure was far thssm the
ambient temperature.

[~--D100 Ambient Temp 800K 2000 --~D100 Ambient Temp 800K
1600 W10 Ambient Temp 800K W10 Ambient Temp 800K
W20 Ambient Temp 800K W20 Ambient Temp 800K
L A T E D100 Ambient Temp 1000K D100 Ambient Temp 1000K
£ el -=-W10 Ambient Termp 1000K g 1500 ~=-\W10 Ambient Temp 1000K
= W20 Ambient Temp 1000K % W20 Ambient Temp 1000K
5 1000+ &
f g 1000
8 800 3
[7] 7]
v ['q
- 600 -
5 © § 500
T 400 =
R
200+ £
or st antpoy
O s i I i
0 3 4 5 6 7 0 1 2 3 4 5 6 7
Time (ms) Time (ms)

Figure 6 Apparent heat release rate at different ambienpegature (a) §=90 MPa, (b) R=130 MPa

Spray liquid penetration and cone angle.

The evolution of the spray for an individual cyfde the three tested fuels under different ambientpera-
tures with a injection pressure of 90 MPa aretithted inFigs.7-9while the averaged quantitative measurement
of liquid penetration and spray cone angle are shiovrig.10andFig.11respectively. For presentation purpos-
es, the images presented were relatively in thénhety stage of the injection and representativages were
chosen to demonstrate the spray evolution for éagtied fuel before it reached "quasi-steady” stade quanti-
tative analysis, each curve was averaged ovemat &8ght injection events and shot-to-shot vanatias typi-
cally within 5%.

Under low ambient temperatures, all the testedsfpetsented longer liquid penetration due to theeto
evaporation rate, which is consistent with previstisdies.[17]. Low ambient temperature provided longer
fuel/air mixing time and as a consequence, morepeed burn will be resulted. As seen frdéfig. 9,the pene-
tration reached a peak rapidly after the injectod gradually shortened once the combustion stduedo the
hot gases pouring back into the spray jet togetliigr the radiation from the soot emission, enhag¢ire vapor-
ization. In comparison, the penetration under tagtbient temperature were shorter and reached & steasly
state almost immediately after the onset of inattiue to the shorter ignition delay and the rigardiffusion
flame swallowing the liquid jet spray.

Both W10 and W20 were featured with longer liquehgtration, especially under low ambient tempera-
tures attributed by the low volatility of the wat&uch variation became less apparent as the ahibi@pera-
ture increased which can be explained by a fewofacThe emulsified fuel has higher viscosity andasce ten-
sion than regular diesel fuel which is likely to Inere resistant to shear and break up, as botarttéent tem-
perature is elevated, both property will declinel avors the atomization process, thus makes thetpion
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comparable to that of the pure diesel. The breakdpced by the superheating of the interior comptnaso
known as micro-explosion could also enhance thmiatation process, especially the secondary atoiigas].

It is interesting to notice that as the water coniecreased, W20 actually exhibited a slightlyrséoliquid pen-
etration with a injection pressure of 90 MPa, iatiieg the penetration is a competition result frii low vola-
tility of water and a better atomization of the era¢mulsified diesel.

For all the tested fuels, the spray had a relatilagger cone angle at the very beginning of thedtion and
narrowed down afterwards. After around 0.4~0.8iimgached a quasi-steady state though fluctuatansstill
be observed. Unlike the findings in the previotsdg [17] where the spray cone angle were monotonously
decrease, the cone angle were barely exhibit aapimous trend during the quasi-steady state. Thwtufation
was mainly resulted from the instability along teriphery of the spray jet. The spray cone anglessvater
emulsified diesel were generally larger than thokéhe diesel and the difference was more remaekahter
high ambient temperature. The snapshots for a esisglay, especially at the early stage (typicakyole
1.66ms), give more intuitive insights on the spsaycture, as shown iRigs. 7-9 It can be clearly seen some
abrupt areas raised along the periphery of theygptdody causing a "fattened" main jet body é&dtreely high
ambient temperatures (1000K and 1200K) for the matsulsified fuel which tremendously spread theagpr
cone, compared with the relatively smooth sprayjet small cone angle of diesel. The raised pattie@imain
spray jet was not observed with the pure dieseeuadl circumstances, nor with emulsified fuel untbev am-
bient temperatures, indicating its occurrence shbel associated with the presence of water, opllemomena
of micro-explosion. Under high ambient temperattine, water reached the superheating temperature rapr
idly causing a shorter micro-explosion delay tifiteanwhile, each component inside the emulsifiedaliavere
all subjected to higher evaporation rate which éased the resistance for the water bubble growith e
combined effect, violent breakup events, manifesigdhe extraordinary spray shape, were takingeplaside
the spray jet. A low ambient temperature, in catiranore time is required for the water to reagbestheating
and more resistance for the bubble to grow up aedkbhrough because of the relatively cool envireninthe
micro-explosion delay was significantly increaséd. a result, the micro-explosion might not happanpc-
curred at way down stream so that it won't affeetrnain body of the spray jet anyway.

In light of the injection pressure, it is obsenthdt liquid penetration reached the peak valuthemuasi-steady
state much faster with elevated injection pressueetd the higher jet velocity. It is also obserteat the liquid pene-
tration peak increased with elevated injection pressinder low ambient temperature, though such ti@miavas neg-
ligible at high ambient temperature indicating 8maller fuel droplet sizes induced by higher aenadyic shear
evaporated faster and compensated the longer pgortcaused by the high jet velocity. The impécthe injection
pressure on the spray cone angle is more pronouasddwer injection pressure resulted in largerecamgle which is
possible due to the fact that with lower jet velocibe spray has more time to adjust to the surrimgngiases and less
constrained to expand
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Figure 11 Spray cone angle for three tested fuels undera7800 K R,=90 MPa, b) T.+800 K R,=130
MPa, ¢) Tm=1000 K R;=90 MPa, d) Tn+=1000 K R,;=130 MPa,

Summary and Conclusions

The spray and combustion characteristics of waterlsfied fuel with different blending ratio werepeer-
imentally investigated in a constant volume comiomsthamber with different injection pressures amdier
various ambient temperatures. The bubbles' sizbefvater phase has been measured using microscuope
stability tests have been conducted for all thared emulsions. All emulsified fuels tested weadble within
a range of two weeks. The fuel was later injectedi @mbusted in the constant volume chamber. A vadge
of ambient conditions were applied so as to ingas#i their impacts on the ignition delay, spraygbetion and
cone angle. The findings can be summarized asWolly

1) For diesel emulsified fuels, an HLB value ofefiis relatively the suitable surfactant compositio the
diesel/water interfacial condition as it stabilibe emulsion for more than two weeks, with watentent reach
up to 20%.

2) Ambient temperature had the dominant impacthanignition delay compared with injection pressure
and water content. With water content less than,20%ignition delay was only observed at the lonb&nt
temperature together with low injection pressurel almost negligible in all other cases indicatiing ignition
delay should not be consider as a major issuelaithwater content emulsified diesel.

3) It is shown that both W10 (10% water by voluraall W20 were featured with longer liquid penetratio
especially under low ambient temperatures, whiah lwa attributed by the low volatility of the wat&otable
increased cone angles and "fattened" main jet baehe observed for emulsified fuel at the beginrstage of
injection indicating the occurrence of micro-exptos
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