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High-speed liquid fuel spray, projectile impact driven method, shock wave 

~(VJc:JQ.I 0'4.0:9 0 t d
~1'lJ1,W'lJ lJ 1 WlQtI 'j::; t'Y'I f1 IYl6 ffn 'W 1fl W (l 

GI 

fl 'WW::;'\J 6'1t:l1yt ~fl1111In~ 'I (high-speed 

4 Q 9J .Q .J 1 i!li' e:Q.Idiesel fuel jets) tlJ6t;jrniilJllU(l::; f111lJIPI'lJ i 'lJlftN'VllPlfffl 'U tYl lJ'\J'U IPIU "lffllHI1{Jfl1'Wf111lJl'j 1 ~.:JU(l~ 

l'VlflUf1 shadowgraph fll'j'VlIPI(lfl.:J'\l::;111fll'jltl~U'lJtttlMqWiilJiJ i'lJ'li1~ 30 - 150°C f111lJ~'lJfl1fJi'lJ 

'I1'fl'l'VllPlffflU i'lJ'lf1.:J I - 8.2 bar tmfJ1I!l1U1Jf11111t~1tt(l~'j::;fJ::;Uii1flfl1fllff (penetration distance) 'IJfl'l 
" " ,

fh~'IIGHfltYlil'l~t"lf(lf111111~1~'InU(H111::;'UnfJ1fllff (30 °C, 1 bar) ih~'1I<jfflIYlil'l~lcl$(lYif1111Jl~ 1~'1 
~ 4.::$ d.4 , d ~ _I 

'\l~H(lWl'\llfl1'fifll'j'Vlt'j{Jf111 "Projectile impact driven" fl11lJl'j1'IJfl'l~fllJ'lJ (Projectile) lJ'j~1J1W 800 

m/s lhiilPl'VlHm1UlJll 30° '\J'lJ11P1f16f1fllPl (orifice diameter) 0.7 rum. 
f .<::!t.dj tao I ~ 4 

'\llflW(lfll'j'YIIPI(l6'1Yl'U11flW11 fllJlJW(lWlflf111111'j 1U(l~'j::;{J::;lIii1f161f11ff'\J fl 'I t:l1'W 'I 'II fl'l I "lffll'W (l 'I. ... . 
, " 

~1<:lmfi fl l1flW iifllJ 30°C f111lJ~'lJUn {J1fllff ft1~ HJ fl'lU 1:U'lJ~ltlm1jfl11lJl~1t'Y'It'YlPltI'j ::;1J1W 1,400
q qJ q 'U q 

lit" d ".d ""!li ,J e:
m/s 1t(l~'j~tI::;ltii1fl61fl1ff ~IPI 230 mm 'Vltdt:l1 299 Ils mrn'Vlt;jrniilJlJiifl'l'VlIPlt'YflU~'I'\J'lJ fl11111'j 1 

~" o. ~ ~ d ,: .Q 'w , ,e:td .QQ.I 

l'j lJWI 'lJ 'II fl'lt:l1yt 'I '\l::~1(l'l Ifl IPI fll'j H~ flWl1 (atomization) 'II fl'lllJ\?I1"lf61Yl (l'lflfJH'lI1PI1 '\l 'lJ t'Y1'lJ fl:it" VII 'W 11 

fl11lJ~'lJ i 'lJ'I1'6'1'Vl~t'Y6'U fl11lJl~ 1'IJfl'lihvh'\l::(lIPl(l'lmh'l~fltrl6.:J. 
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Abstract 

This study investigates on characteristics of high-speed diesel fuel jets affected by 

the increase of temperature and pressure in the test chamber. The horizontal single stage powder gun 

was constructed to generate high speed liquid jet by the method called "projectile impact driven 

method", In experiments, projectile velocity around 800 mls and nozzle with 30° of conical angle and 

0.7 mm of orifice diameter are used, and high speed video camera and optical system with 

shadowgraph technique were used to capture the dynamics characteristics of the jets. The high speed 

diesel fuel jets are injected into test chamber in which temperature and pressure were varied over 

range of 30 - 150°C and 1 - 8.2 bar respectively. 

From experimental results, it is found that at room condition (30°C, 1 bar) the maximum 

average jet velocity and jet penetration distance are around 1,400 mls and 230 mm respectively, and 

these are lower than that at the high temperature and pressure condition. In addition, intensive 

atomization of high speed diesel jets can be observed from the results at higher temperature inside test 

chamber. 











• • 

, 
.:t 

'UJIJI 2 

ihl'il'u'U i'Utl11lYTI1n'.i'j'lJ£J1'U£J'U~ U'U1 iU''lJ'l'Ut11'ji~'\.I11·hii11 (injector) '\Itl~lfI~tN£JU~ 
i~ diesel (LfI~tH£J'U~~hC}f~) !!~~ gasoline (lfI~~N£JU~l1J'\.I~'\.I) iill'U1iU''lJ~l1~lv;'lJ!1H~'U'\Itl~ 

Q.J.:.i ,,~A d .=t : ~ A ;iI 44 ': C1I 

'l1Tu 11 imJ~'\I'UI'Yitll'Yi'lJfl11'lJ~~ItJ£J11'\1tl~fJtl£JU 1'lJ'U (spray or jet) l'Yitlt11'j fI'lfHfI~l'Y1~'\Itl~'U l'lJU 

l~m'Yift~tiVtl1t11fl l~tllv;'lJ'Ih~iY'YInilTWt11'j U-11 1 'I1-u'u~~f1'f1lJ~~~'Yl1~1tl1U£J 'j1mf~,~'Ut11'j 
)J)J ~ " t 

111 ~'11 V~\l1iT'Ul~tH'Yift~fh)~1£J (li1tl~111fli ~fl11'lJftl'Ull'hl~lJ l'f1£JtJ~'lJ1ru'U1iT'U lii~U'tl£Jfll11~'lJ) 
::'1 "" r.'1 A <,,,, "" "I Y ... " Y'" ... .1 ~ 
lJ'il~VU ~u 2548) IfI'jtl~[JU11~IC}f~"lfU~ common rail t~'Yi~'U1 t'l1'lJHH~'U"l.:J'\IUltJ'U 180 MPa 

'" ..i, A o'Ii "" _I d '"I
'l1'H) 1800 bar C}f~~~fl111f1'jtl~£J'UY1l 'Utl~111J'j~'lJ1ru 10 1't1111~~fl11'lJ1'j1'\1tl.:J spray ('I1'jtl jet) 

: w .d ~ tI ~ ..=t : <V fJJ 
U'UJ'U tl~V1tJ'j~'lJ1ru 300 mls Imtl~[J'UY1l GDI (gasoline direct injection) C}f~11~'Q~'U1'lJ'U1'\I1 

n'.i ~VtlfllYV l'f1£J11H flft'l[JtiVlfI~tl~~'U~~IIC}fCl ijIlH~'U111ii'f\tlri~tJ'j~'lJ1ru ft'~fll1 5 MPa ci~,v;'lJ
~ ~ ~ 

t " I , 

'iJ1f)tl~11tJ':i ~'lJ1ru 2 Il'll Ifl5tl~[J'U~ GO) 'lJru~u I~ 'lJ1~'UYiiJ£JlJl!f1~ '~i''lJfll'.wtl'lJi'Vl1Glh£JtJ 'j ~'l1V~ 
" 

'U 1:JJ'UIICl~Cl'fllJClfl11~1~~ [16-17] 

'I1lJ1m'l1~ iJ'il~'jj'U 111ii~J1:JJ'U 'l'U Ifl ~ tl~£J'UI9l'~IC}ff1 L11'lJ1'jtllh1~"l~,,!~~fI Tl'lJ~'U 
. ~ do' 

lIJ~'lJ1ru 300 MPa 'YIfl11'lJ1':i1f11'Yi.:J 700 mls• 

.flo")!~IVlfliJflt11':iVl~Cltl.:JUVV~lfl~ ,!'U;itlfl 1':i i~\lfliJ'Um~l!V1fl (projectile impact driven 

method) UCltH5fl~U (compress) J1:JJ'U'l~tltlfl'lJ1"lfl111ii'fl (nozzle) ;.:J1irl'liJ'U1i~'~ti'Utl~'l'U 
, " I I 

f)~'lJ1~lJt~fl'l [1,4,6] U~liJU1iYi'~UHv>1UlI~~fl11'lJ1~1 '\ItN~l~~I-1fm'Yift.:J li"l.:J'lJ1fl Yifl11'lJ1~1 
~ ... , ... d of .ot 

n'.i::al'YIfl'\ltl~\lf)IJ'U 1000 mls !lH'fI'U U'H1'Q~tl11111::"l.:J 2 GPa (20,000 bar) IICl~fl11'lJln"l.:J m 

1~~'lJ hypersonic (fl11'lJ1~1~.:Jfl111800 mls) 'l'UlYfl11::tl1t11fltJf)~ [5,23-24] 

.c9 ~ ~QI , "d : (V.l ~.dd'j/' d 
'il1flt11'jflf) ~ l'\1tl~'U fl1'il[J'lJ1~f)'llJ [4-5] 61.:J11 (ll'Q 'fI'\.I1'lJUl"lftll'Yi ~~'YI'lJfl111U 'j 1"l.:J 'lJ1fl'l 

. " " (U~Wh 2000 m1s) I tJ, 'U 61t11flliL1fl11~fl11lJv>1\m~::tlru'l1iliJtJf)~ 'U1iT'Ul~m'Yift.:J61'il 'il~ln~fl1'j
~ ~. 

" ~~1.., 1~1tJ~ (auto-ignition) i 'fI£J llil'i'tl.:J'l~fl11lJftl'U 111flfl1{/'\.ItlfHCl[J U~fl11'lJftl'U'Il'U 'lJ1'il1flfl11 

mii[J1'U1'\16~fI~'U"lftlflfl (shock induced heating) mh.:Jl1~111'lJfll'Hn~'\Itl~tJ'j1flUfl11Wrl' 11:/'U 

I~ [J.:Jfl1':im111D1.:J fl1':i 'il::l'i'tl~ijfl1'jRfl~ 1l'~tlVU V'U 'l 'U':i 1{/f1~16£J'fI~tl'tJ 'il1flfl1'j Rfl~lhmitl~~u 
" " .'\Itl~ Painthong [7,21 ,25,26] 'U1iT'UI-1ftll'Wi'l~ 11hJ1'il:::;~~',"'~1'f1t1f111'lJftl'U'il1flfliiw)j'flrlfl (shock 

, JI I t 

heating) Yifl11'lJ1~1il !tCl~YiL1il11::61fllfftJfl~ ul9ill1iim':i 1~'lJ~ru'l1iJiJ'I15flU H~ui'U~tl~!H11 'I1-u' 
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(2.42) 

.. .. . 
f11'HU1l1M x fim~tI~fl111ltl11'\10~'thUll, L fiOfl111ltll1li~'H1I1l'\l0~li1Ull A (x) fio~un'\lo~,bu 

• y , ~ 

nUlh~11lt~UYltW~1I111uri1U'\l0.;j x. A(OI fi()~Un'\l0~ri1unuU~~11lt~UYltW~1I11'\1()~'t1lWIj'1. '/ . .. . . 
.dIcv t 4.:::1 <vododf<v 

(X=O) UCl~ R fI()()~'jlff1U'\lV~'VtU'YI'\lV.;j'H1iWIYlt't1lfl'U (A(O)/A(L) 

r----'r!~'--~-'--'­

, If \' 

I ~)

l ___~ I '\ i 

11 I I 
HfperIx:JIic 

profile 

! 
j 

. 

I 

\ /~'\\ I 

\, I \ 

',iI , ExponentialI 

t I ! profile 
\ I I 
~LJ~__J 

l'llil 2.29111UllU'U'U exponential UCl~ hyperbolic 

~ "11''''' "" J '" ~ 1 """" .d ,;Y ;Y 1QI

'Illflffllfll'jYl.;jffV~U'UU L\Pll1fll'j~Cl~'\IU'\l0~'H1~llYl~ffO~U'U'U 11£11'6 EDM 'YI!fI£ltlfl "!fum u.. . .. . 
fll'itl~UC]n~$!Tw1'U'\IcN}f1Ull 111U llnlh~'Uf-hilu6flCll~'\Ionhm)'htlu 1.0 rom I'VhWUnffl1Jl'itl 

yh'$! t.aO~'Illflfl111l£llfl1ufll'j ~llt~~ tllI'\IV~'fiO'UYlV~U~H (ffl11i''U EDM) !Yl01M111Ulliit~UH1U 

D. ~'t1l~t,j'1'\l0~111UllriO'U~'Il~t~lIii~fl1ltu~ lfi'~ 111UllUU'U hyperbolic ii!~Ut'U'UCllll~~~flil . . .. 
'Illfl~OU$!U'\lv.;j,hu nUfl'UUCl~£l11~ClVllYll~0f)fl'\lV~111U 11 1u '\IW~n111UllUU U exponential '!!U 

Q,lct.:::tc: .. ..e:.& ~ f eloC:\ <vet ~ I I 

'H 111 ll'YIU'\I ~'YI'i .;j fl 'j 1 tltlfl ~Cl~ '\I'U1l'WVl~ ffVU11fl111l VlU 't1lU'\IO-:.l'VtU ~1 'H 1~~Uuff~ HCl~V 
.. 

V~'j lfl111lt~1'\1V.;jfll'jU11'\10 ~m,n 'nJVI'j ~fIltl1U '\IV ~111U ~'!!U fI iil£ltlUfll'i VOfl!! 'U U'\If)~111U~ ... 

'YIHflnm'H~flriou (1uri1U'\I0~ 2.9.3.1.1) 111u~~u~nfuYh1Jl'lllfll'H~fl Bohler KIlO 

(mijoutl'U 1ff~ AISI D2) Bokler KI 10 fim'H~flflllUf)Uff~ (iifllluoumi 55%) tlulfll!rimJ. ... ... 
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As 0.033 
V --- (3.2)

P - I1t - ~t 
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h.!m{\hJmfl1'j1~fl111H~1'l.Jtl·nhri~iI~fI~1~ 'I1"'flfl1'j~~Uff~Lm9ftl{ i~u~ Laser ~1~ 1• 
11~111~'j)1fl1:11U~ 15 rom U{l::;~1~ 2 11~'rh~'j)lfl~1~ 1 L~U'j:;£I:; 33 rom ~~~1I~ 3.11 

ltl~ 3.11 Liquid jet velocity measurement arrangement 

_I I .... "" 
3.5 lu'n~"fH't'rHl~ (Nozzle geometries) 

lu ff1Uif'j)::;fl rll10~fl1'j tltlflU\J\J111U ~Lvttll~dl'11f\Jfl1n'l~{ltl'l ~~':hu~tllu ri1U ~ij 
>I • • 

Ni.witlfJW"'flllW::;'l.JfH"1~~111Utlcil'11l1fl 'hJfl1'j iiuih1'1U~n' ~'j)::::tlIu't'hu~'lfU~11~ £11 (Single 

hole) ~'11i.l~ 3.12 

• •I •• •• •....... ...._­
I I 

~ 
• I• •- • • -• • Q• •• • n• •• •• ••, •• •, • u, •, ,, . 
".. -, 

Nozzle Configuration 

aNozzle D d lId 

type (mm) (mm) (mm) (0) 

A 0.8 0.7 4.2 6 30 

B 0.8 0.7 4.2 6 60 

C 0.8 0.7 4.2 6 180 

D 0.8/0.6 0.9 0 0 56 
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It.l~ 3.14 Parabolic mirrors 

It.l~ 3.15 Light Source 











73 

~1flcil.:jmHhw1W111fl111JL~1'IJij.:j~nm~~rW1l1n~t1~ 3.13 

& ')I 105xl03 

1l1n v = - . 1l~'~ v 	 mls 
b.t 	 ' (263 -132.5)x 1 06 

:. V 804.6m1s 





, 
"'"UlIlI 4 

., " . 
i 'U 'lJVlijll~mirJ()>3 ffa'll{I >301'J VI~C'l0>3i1>3111J~l~1J 1I1fl O1'J t1i'1HVi £I'IJtI~1J1W ~'U tl'Utl'IJ 

fI111Jl~1'l1{1>3C'1fltl'UU"'~ihrf>314{11l.. i'i>3t1'wn11aflO1'J~~Uff>31C'l19m{ (Laser beam interruption).. . 
" t I " 

'U Ofl1l1fl ij if>3 LtI(h£l.fl1'Wfl THfl n{l'W Vi'llO>3 C'lflilu ihrf>3fl111J I~1ff>3'l10~I~iII'Wi'i>3 11 C'l1 £I'l$iJ~ tl'IJ.. . .. 
Q.I .d ..d..c:! OJ d Q ~ , jJ IjJ t d 

11111 ~Vl1J C'lfl~ W::l1 'C11 au'lJ'lJ 'VI ~WlI~1J'lIO>3'f1f1ffO'IJUC'I~ tlWlIfJ1Jfl1>3 ~ ~l£1fllHH(ll £If) 1'WfI111JI'J 1 

.d! • !J) d 1IJ!J).eli "j
\1>3 (High speed video camera) 9f>3ff11J1'JOm0.fl1'W~1£1fl111JI'J1 t~\1~-q~(l>3 1,000,000 fps I'W{I 

Rfl~l'Wq~fl 'J 'J1J11C'I::1~fl111J!~1'l10>3\)flil'UUC'I:;ihv!>3'l1W ::lfl~{I'U~, 'U,,\'fHVI~ff{l 'IJ 

4.1 mlllW~UlhH)'Ufllll1l~l'UtHgnilum.U~ihri-3 

,rlm11fl1'J 1~'lJ;j'{I1J'".. 1~ rf)~fl111JI~1'110>3C'1flil'W ~ltI~£I'U Lt1tl'lJ1J~1J1W'lIO~~'UU'U ~1~1JU~.. 
., . ., 
ri::fli'>3i'U01'JU>3 l~1J~>3U~ 2-7 g 1l1fl~'UiI'UH'fl1'U (smokeless powder) t!C'I~~'UU'U~'h (Black 

powder) 'W'IJ'"h~'UU'U1I::ff11J1'Jmh01nj''lJ~flil'ULtI~o~'~ ~'WU'WtI~1J1W 2 g ~'ULtllI1m!{J£lfl'h 
" 'JJ 'JJ • 

U'U hiff11J1 'J O.;J'IJ\jfltl'U 1t1 t1~ij'Yi{l'IJ'J'J~~'UiI'Wff11J1'J(l'lJ'J'J~~'Utl'W Ltltl ~-q~ 7 g iWlf1>3Vi 

• .eli 
m01'JfI'fl'l:ll 

1l1fl1,t1~ 4.1 Uff~~ fl111J iY1J~'Un'Um'll~1J1W~'U iJ'U 'l$iJ~~'WU'U~i1tl'lJfl111J1~1'l1m\jflU'U . ., 
(Muzzle speed) 1.t1Vi 4.2 Uff~~fl111JiY1J~'Un'UO~fl111Jl~1\!flU'W1I1fl HDPE 'll1ll11fl 0.78 g 'lI{J~ ., 
u'Yi~'IJ'J'J~~'WiJ'W (cartridge) 'lI'W1~ 5 g tl'IJ~'UiI'UfI'Wtl'UHfl1'U1I1fl 3 - 5 g 'U{lfl1l1flilif~111 

fl111Jff1J~'Un'U{I~fl111Jl~1'l1{1~\)flU'W 1J1C'1'UO~~'Utl'U, 1J1C'1'l1{1~\)fltl'W~~1.t1~ 4.3 1I1flttl~ 4.1 

fl111JiY1J,,'U,j'll{l~t1~1J1WfI'WU'W'l$iJ~~'WlhJ~1 n'IJfl111J1~1'l1{J~\)flU'U (Muzzle speed) 'l1fltl~1J1W 

~'Utl'W 2 - 5 g 'W'lJ11f1111Jt~1'l1{1~\)flil'Uljfll111l~1~1-q~~t1l1J1W~'Utl'U 2 g ~fl111J1~1t1'J::1J1W 

600 mls UC'l::fll11J1~1'l1{J~\)fltl'Wljfl111J1~1\1~q~~t1l1J1WfI'UU'W 5 g t1'J::1J1W 1,000 mls 

1I1mtl~ 4.2 fll11Jffllli'W n'llO>3t1~1J1tu~'Uil'W'l$iJ~L~fl1'Utl'lJfl111J1~ 1'l1{J>31lfltl'W (Muzzle.. .. 

speed) 1I1fltl~1J1W~'Utl'W 3 - 5 g 'WUhfl111Jl~1'l1{J~\)fltl'Wljfll11J1~1~1-q~~t1l1J1W~'UiI'U 3 g ~ 

d • I d ~ '" d d. I"'" '" iJfll11Jt'J1u'J::1J1W 1,200 mls 1IC'1::fl11lJl'.i1'l1{J>3\)flU'U1Jfll11J1'J1\1~-q~'VIunI1W~'U 'U 5 g 

.1 .Id "" '" "'" ~ .... IIJ!}) "".d! d I = ~ IIJ!})
u'J::1J1W 1,600 mls 1I1fl1.u'VI 4.1 fl'IJ 4.2 'If'U"'lI{I>3~'U1J'U~lfl'IJ t'Jfll'U 9f>311::!lI'Wl1~'W1J'UU'IJ'IJ t'.i 

fl1'U ,,~vh',,\'fI111J!~ l'l1{1~\)fl iJ 'W 1J1fl ~-q~~l!fl"1 t1~1J1W~'UU'U 

http:1J1C'1'l1{1~\)fltl'W~~1.t1
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Time (microsecond) 
lU~ 4.20 Plots of penetration distance of fuel jets and average jet velocity against emerging time 
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· ... diesel jet penetration distance .' .,­ • .•. jatropha jet penetration distance 200 30 
• .•. bio-diesel jet penetration distance • 
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lU~ 4.21 Plots of penetration distance of fuel jets and average jet velocity against 

emerging time: T150 Dc. Patm 
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