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ABSTRACT

Several vegetable oils have potential to partially substitute petroleum products,
especially diesel oil. This study aims to improve injection spray of vegetable oils that using in
small diesel engine. The injection spray pattern is important for optimize operation because
combustion cfficiency in diesel engine also depended on fuel spray characteristics. The single
hole and 4-holes injector are used for observe injection spray. Another parameters such'as.
preheated temperature and injection pressure were also investigated. Results show incresing of
injection pressure can increase spray velocity better than oil preheating, For single hole injector,
increasing of 8 MPa of injection pressure can improve spray velocity of vegetable oil. For 4-

holes injector, vegetable oils can use in conventional diesel engine.
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OB o | J o BVPTAY ANl B 41 Ve B o e [
0.030.05 0.1 L ¢ e L WA 0.030.05 0.1 O3 Dy 1 3 10
Tune, ms Time, ms

1 v o N o o
sUf 22 anwdunussenianueanlsdfung

uuusaesaisdazusenniify Primary breakup Liae Secondary breakup [12] Huu
91099U09 Primary breakup 14uA Kelvin-Helmholtz (KH), Turbulence induced breakup (Tur.)
Fanmzdmiudanlseisiuvesmar - daunuUsa0Ies  Secondary breakup 1ALA
Rayleigh-Taylor (RT), DDB, Taylor Analogy breakup (TAB)

1) KH wave instability model wusaesiigdinseanlsdluomaiiuassadala

18 falugiin 2.3

Gas

317 2.3 KH breakup model
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' 3 "o 4
MNTAUMS (2.6) 11T (2.7) A1 Growth rate (Q,) 2VUBYAUANMIIIAAU (A,,)

(140452 Y1+041"")

—r— o (1 +0.87We " )°‘° 20
pr " (0.34+0.38we ) o
“ g | (1 +z)(1 4141 .

9 9 A 4 o o o 1 o o A v A
Mnaumsdedu U Aeanuisiduinsseninanlsdiveima r Aeiriivesazess
4 o
alsd z=./We, /Re,, Re;= PUI/H, T=Z,/We Uz f, g UNUANUUTYDANAMAZ
Mamudey

¥ '
2) Turbulence induced breakup model stuuranstiiam lagldnalnnmisifanduuay

Auiu2u (Turbulence) gﬂﬁ 2.4 UAAIONY ML Turbulence induced breakup

Turbulen fluctuation
n the nozzie flow

Wave growth by
the relative velocity

etached droplet
gﬂﬁ 2.4 Turbulence induced breakup model
Tev L, Aonnuuadu L, Aennuenmanlsd uaz L, Aodurhguinasazessdsd
L,=CL,=C.L, (2.8)

Huh msnaaesldan C, = 2.0, C, = 0.5 NAIMIUANAT (T,) AMUIUINNAINTG

wannuiututaznaimsinanauauauNs (2.9)
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T,=C+CT, =T +T (2.9)

exp

A a ¢ o @ “q Y o @
e C, = 12, ¢, = 0.5 wiamImimdv k,,, wazndsnuildlunsuands g, ddlu

ANMIN (2.10) wae (2.11)

k 1.5
L, =0.09— (2.10)
€
avg
kavg
Leimnlh09— 2.11)
avg
nnaumsdedu k, uar €, Muanldnn
G/ B\
IR ——k —{1=5") (2.12)
8L/D} ¢’ :
3
U1 '
€, \SPRIIIREEng 4 F WS (2.13)
' L[ QUL

e K_uag s 924iM 0.45 uag 0.01 AW dL U, L uaz D Ao anuidaalsd Anueaviaia
wazidurguinmaiIianud ey
3) RT instability model tuudrassldnguiinanus sszninves Inaaesyiiahilinau

VUMY A1 Growth rate (Qp,) HAZAMIEIIAAU (A ;) MNAUNS (2.14) 3 (2.16)

1/2

N » G+, -p, )"

o (2.14)
34/30 p,+p,
27IC
A =—F (2.15)
K

RT

e -@&+39)p,-p,))" o6
30
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dle 3 uay 3 Aeanusaluditmaevosuss Wudauas lufirmeveaus sdumudidy C,,
a o A b ' o a a @ o
#3im 0.3 Taoia ) aAnwonmedueziiosniivuiaazeodail)sd aMINA breakup a3l

Y9300l ORIAUMS (2.17) 1ag (2.18)
Ty =Cps 1§23, 2.17)

r=TC../K (2.18)
¢ RT/ SRt

¥ '
4) DDB model Manmsveanuusiapsiinsanmsi/asuuasgdinvesazens

anlsdnnnsanandiuns a3 Hagalii 2.5

31/ 2.5 DDB model
& ° Y a
#9991 1MINA breakup MUTUNIT(2.19)

d'y “4N“1.dy 277
K—z+——2—+
dt Rey dt 16We

y[l —2(cy)_6]=§ (2.19)

i K A98ns1a@IUA UMM LUYDANaIR UMY N Aodas1aiuanuniaveamalInuiie

a & A a
breakup INAVUIUDAZDDINAIMINAUNT (2.20)

—= (2.20)

4’! A A o S o ~
10 a ABATWNUNANYDINTAITUFUN 2.5
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5) Taylor Analogy breakup model W11y O’Rourke 1A Amsden 1ManMIaU

Tnaazmsiadivesazessa)souazszuuayse-uaa amauns (2.21)

92179 breakup 1118 y §A1119031 1.0 A1AA C, = 1/3,C, = 0.5,C, =8 Az C,= 5

(2.21)

P @ o d : @ 9 @
msnaaounuINgduuUanlsdTas CAO et al [13] szAnuian)siniudimadioda

AAFHLINANVAY 50 MPa TUMPULYUIA 100 X 100 X 140 mm” UAIWAUNYIY 2.0 MPa

ussywlulasion lifimsldnaedeundds gaumglivezmiiugungivssoindaaes

¥
MINARBY ANUAUNINAGIGA 70 MPa msRa¥oimasezld High-speed electromagnetic

' a 3 9/ = a 3 o
valve ‘lf'NUﬂ’]ﬂ'ﬁﬁﬂ%$ﬂ\]vl'Jﬂ\W] 2 ms M1TNN 2.3 llﬁﬂ@”ﬂgﬂq’]ﬂimﬂﬁaﬂ@

M5197 2.3 Yoy anIANALN

Injection system Accumulator type unit injector
Injection nozzle Single hole

Nozzle diameter 0.17 mm

Nozzle hole length 0.95 mm

Spray duration 2.0 ms

Nozzle open pressure 50.0 MPa

Ambient gas Nitrogen

Ambient pressure 2.0 MPa

Ambient temperature 18-24 °C

Light source Double pulsed Nd:YAG laser

msunnn i3 prv 1¥nseuvuna 32 X 32 woisa Auazidea 0.32 X 0.30 mm

' v v
11071 2.6 uaasdnuuzmyshiniuRiraiag 191981 0.04 - 4.0 ms

2




0.04

(mm

0.05 0.06

0.08 0.10

0.12 0.14

4.0 (ms)

0.16 0.18

14

0.20 (ms)

Magnified presentation of
the image at Ar= 0.10 ms

Visualization of diesel sprays at their initial stage of development (Ar=0.04~4.0 ms)

3 [ J : @
3UM 2.6 anvazanlsdiniudiaa

wa 1 da v @ 4
AR Y9IvBIMAINTINaRDAREMEIN)SI[14] M15190 2.4 UdRINAYDINN

wa $ Ve o
ﬂnummmmﬁuwaﬂaaﬂymzmﬂsu

< '

M99 2.4 wavpsnuauTiRvInaINinaneAnYM aNlsH

Increase in Increase | Increase | Increasein | Increase

Operating in Specific in Fluid in Surface

Pressure Gravity Viscosity | Temperature | Tension
raismn | Negligible |Deteriorates| | Negligib
Quality mproves egligible |Deteriorates| Improves egligible
Capacity| Increases Decreases . oo No Effect
Spray Increases -

egligibl ecrea ases | Decreases

Angle  |Then Decreases Negligihle | D ses| Increas
girzoep Decreases Negligible | Increases | Decreases | Increases
Velocity Increases Decreases | Decreases | Increases | Negligible
Impact Increases Negligible | Decreases | Increases | Negligible
Wear Increases Negligible | Decreases oo No Effect

* Full cone and hollow cone increase; flat spray decreases
+ Depends on fluid being sprayed and spray nozzle used
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S = 35 mm. (Time scale 0.1 ms) S = 55 mm. (Time scale 0.2 ms)

8 = 115 mm. (Time scale 0.2 ms) 8 = 135 mm. (Time scale 0.2 ms)

" ] v
71 3.16 naiida 1dvneeada Taaln musdiniufiva WaRagRed



S =175 mm. (Time scale 0.5 ms)
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8§ = 235 mm. (Time scale 0.5 ms) S = 255 mm. (Time scale 0.5 ms)

31]‘7; 3.16 (AD)



S = 115 mm. (Time scale 0.5 ms) S = 135 mm. (Time scale 0.5 ms)
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S = 195 mm. (Time scale 1 ms) S = 215 mm. (Time scale 2 ms)

S = 235 mm. (Time scale 5 ms)

31]‘?; 3.17 (A1D)
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astiniudemasivonunlugiwsniusglinnuiinam  uazeAoyinue?
P /A a ' .3 dy:l ' » (4:‘ a
anae yananlsoisMAANMNLNANTEINT Breakup point NsMvBImAsdiFOMGINDY
5 3y o o ; a o
Breakup point ilunswidunss (@waumsh 23) uaznsivesalsoiremaanas
Breakup point vziiluilanduiusinfideaveanar (uaumsi 2.4) Msfnumnaning
Breakup point 3% 1%aums (2.5)
v A L3 4 o o 1 a
alstiadagivangiidnuasiunsmidunse iessnailsodaliifanms Breakup
] ' v A [ do @ a
Tugaaan 1 - 4 ms daumalstiadia 4 3 szlidnuaznsliduilenduiusinfidesveanm

1$1099101AAN15 Breakup NOUYI1IAT 1 ms 1IAIN5IAA Breakup HAAI1UA1319 3.2

v
o @

A15199 3.2 1I21N51AA Breakup YoTsorNuAye

RPLPICUp) Mana 4§
AMUAU (MPa) (307 (ms) ANMUAU (MPa) 1281 (ms)
8 11.1 17 0.63
12 9.0 21 0.57
16 7.8 25 0.52
20 7.0 29 0.48

g v 4 v A = ~ '
anulsisaunnmsdanm A I laeuaeive I aRauu U RuINTTuEYg

sen e 1 T uieses 30- 250 wy.

a [ - o b3 o @ a a
M13194N 3.3 ﬁ’]ul'UU\']LUUlJ'Wﬁﬂ']uﬂ’]ﬂﬂ’]i'Jﬂnﬁ']ﬂ'ltﬂﬂIﬂl%ul‘ﬁﬂiﬂlﬂﬂﬂ?ﬂﬂglﬂﬂ? (ms)

EEUAREY n1IMARBIAT _. du % du
, waw |, L

CANETR 1 2 3 4 5 6 7 8 9 10 Wowvu | W
30 037 | 042 | 039 | 044 | 039 [ 044 | 042 | 042 | 040 | 040 | 0409 | 0.023 5.62
50 0.74 0.72 0.68 0.68 0.72 0.72 0.78 0.74 0.78 0.68 0.724 0.037 5.11
70 1.08 1.00 1.00 0.88 1.08 0.94 0.88 0.92 1.00 1.00 0.978 0.072 7.36
90 1.20 1.32 1.20 1.20 1.32 1.20 1.36 1.32 1.32 1.28 1.272 0.065 5.11
110 156 | 156 | 156 | 156 | 160 | 148 | 144 | 148 | 160 | 156 | 1540 | 0.054 3.51
130 176 | 176 | 184 | 184 | 192 | 184 | 184 | 176 | 184 | 172 | 1812 | 0.060 331
150 196 | 200 | 200 | 210 | 200 | 200 | 200 | 200 | 200 | 210 | 2016 | 0.046 2.28
170 22 2.4 22 24 23 22 24 23 24 23 | 2310 | o088 381
190 25 25 26 2.6 2.6 26 25 25 25 26 | 255 | 0053 2.08
210 29 2.7 28 238 238 29 238 28 28 | 30 2.830 0.082 2.90
230 3.1 33 33 33 3.1 33 33 33 3.1 33 | 3240 | 0.097 2.99
250 34 33 33 33 34 34 33 33 34 33 | 3340 | 0052 1.56
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51N 33 wunandaldnnesadalaalalnszesviiagves W Tamuees

] d. ] ] = & o' 1 ad Yy 9 @ &R é ld.
dauboavunasgiezeglugn 2 81 7 % FindIsmslandesiunnamiaeyi
Ysgun 10% 31N 3.21 naasdAUIHIRAYINIRAUDY 4 § MTNN 3.4 - 3.7 UAAITIY

a @ L4 v a
Woauunesgunnmsianmaie W lamureivesiang 4 §

©) ©

( &
b= -,
d' o _ @ o o g @
JUN 321 MdpvesgifNe dimiuvimanuu 4 §

4 1 a [ 4 o A =
M99 3.4 daudisauunasgusinms Ianaia s W Tnue iveaii@agh 1 (ms)

ITONHW miInaavanii a fu %
v wa | r

U035 i 2 3 4 5 6 7 8 9 10 woawy | sy
30 028 |- 024 ['l022 | 022 | 022 | 022.{ 022 | 020 | 022 | 024 | 0228 [0.02! 9.43
50 050 | 048 | 044 | 042 | 046 | 044 | 040 | 042 | 042 | 048 | 0446 | 0.033 734
70 070 | 064 | 070 | 070 | 070 | 0.76 | 068 | 070 | 076 | 068 | 0702 | 0.036 5.1
9 120 | 116 | 116 | 1a2 | n28 | n12 | w12 | ki20| k08 | ka2 | 1148 | 0057 494
110 180 | 172 | 1.84 | 192 | 184 | 1.84 | 196 | 180 | 196 | 196 | 1864 [ 0.083 443
130 220 | 240 | 280 | 250 | 270 [ 260 [ 270 | 270 | 250 | 270 [ 2.580 | 0.181 7.03
150 330 | 310 | 300 | 290 f 310 | 29 | 300 | 29 | 310 | 310 | 3050 | 0.127 4.16
170 420 | 400 | 440 | 490 | 470 | 480 | 450 | 470 | 450 | 490 | 4560 | 0.299 6.5
190 700 | 760 | 8.60 | 880 | 7.80 | 840 | 860 | 840 | 860 | 7.80 | 8160 | 0.580 7.10
210 16.00 | 14.00 | 13.00 | 1400 | 17.00 | 1500 | 13.00 | 14.00 [ 1500 | 13.00 | 14.40 1350 937
230 27.00 | 24.00 | 23.00 | 24.00 | 30.00 | 33.00 | 33.00 | 3200 | 31.00 [ 25.00 | 2820 | 4.022 14.26

a ' ~ [ y o v A a
M3199 3.5 daubeanunIns §IUINMsiana1ae I laure s ueaiRagh 2 (ms)

STUETMN RV g dou % A
, nay 3 "

IBUIYDT 1 2 3 4 5 6 7 8 9 10 woavu | Woawu
30 0.19 0.18 0.17 0.17 017 | 017 0.17 0.15 0.17 0.18 | 0.172 0.010 6.00
50 0.35 0.37 0.34 0.32 029 | 034 0.34 0.32 0.32 037 | 0336 0.025 1.32
70 0.54 0.50 054 | 0.54 0.58 0.58 0.52 0.54 | 0.58 0.52 | 0.544 0.028 5.14
90 0.92 0.90 090 | 0.86 100 | 086 0.86 086 | 0.84 0.86 | 0.886 0.047 5.33
110 1.40 1.32 1.40 1.48 1.40 1.40 1.52 1.40 1.52 1.52 | 1.436 0.069 4.82
130 1.68 1.84 2.10 1.92 2.10 2.00 2.10 2.10 1.92 2.10 1.986 0.145 7.29
150 2.50 2.40 240 | 220 240 | 220 2.30 2.20 2.40 240 | 2340 0.107 4.59
170 3.20 3.10 3.40 3.80 3.60 3.70 3.50 3.60 3.50 3.80 | 3.520 0.235 6.67
190 5.40 5.80 6.60 6.80 6.00 | 6.40 6.60 6.40 | 6.60 6.00 | 6.260 0.443 7.07
210 12.00 | 10.00 | 1000 | 12.00 | 13.00 | 11.00 | 10.00 | 11.00 | 10.00 | 10.00 | 10.90 1.101 10.10
230 21.00 18.00 16.00 18.00 23.00 22.00 23.00 26.00 24.00 19.00 21.00 3.162 15.06




33

M3191 3.6 duidisauunasguenmsianaidie I lamuiresvoaiafag 3 (ms)

JLOTH N nImAneIAII i dou % du
P wav | d

1FUITDS 1 2 3 4 5 6 7 8 9 10 Woawu | Woau
30 023 | 024 | 022 | 022 [ 020 | 022 [ 019 | 020 | 022 | 019 | 0213 | 0017 8.00
50 0.49 0.48 0.44 0.43 0.44 0.44 0.40 0.42 0.42 0.40 0.436 0.030 6.86
70 0.68 0.64 0.64 0.68 0.70 0.76 0.68 0.72 0.74 0.68 0.692 0.039 5.65
90 1.08 1.16 1.12 1.08 1.28 1.12 1.08 1.12 1.04 L12 1.120 0.065 5.83
110 176 | 172 | 176 | 184 | 180 | 184 | 184 | 180 | 192 | 194 | 1822 [ 0070 382
130 210 | 240 | 260 | 250 | 260 | 280 | 260 | 260 | 250 | 240 | 2510 [ 0.185 738
150 3.20 3.10 2.80 2.90 3.20 2.90 3.20 2.90 2.80 2.90 2.990 0.166 5.56
170 430 | 400 | 440 | 450 | 460 | 420 | 450 | 470 | 450 | 490 | 4460 | 0255 5.71
190 720 | 760 | 840 | 780 [ 780 | 840 | 840 | 780 | 860 | 7.80 | 7.980 | 0.447 5.60
210 13.00 | 1400 | 1500 | 1400 | 1400 | 1500 [ 13.00 | 1500 | 1500 | 12.00 | 14.00 1.054 7.53
230 28.00 | 22.00 | 23.00 | 24.00 [ 27.00 | 30.00 | 28.00 | 32.00 | 30.00 | 25.00 | 26.90 3315 12.32

4 [ a o 4 o a o
m3190 3.7 daudoapuinasprunnmsianadie I Tamuaosyeeiifnagh 4 (ms)

ITOZHN P % AU % fou
, was |, e

IBUINDIT 1 2 3 4 5 6 7 8 9 10 [BTLRIRTAY) woAluu
30 0.25 0.25 0.23 0.25 0.28 0.32 0.28 0.25 0.25 0.25 0.261 0.026 9.80
50 0.50 0.50 0.49 0.49 0.54 0.58 0.56 0.54 0.49 0.+4 0.513 0.041 8.07
70 0.88 0.80 0.82 0.88 0.80 0.82 0.74 0.82 0.82 0.82 0.820 0.040 4.88
9 1.28 1.28 1.28 1.24 1.28 1.40 1.36 1.36 1.28 1.48 1.324 0.074 5.60
110 2.10 2.30 2.10 230 230 2.10 2.00 2.10 220 2.10 2.160 0.107 4.98
130 3.00 3.10 3.10 2.90 3.10 2.50 2.80 3.20 2.90 3.10 2970 0.206 6.93
150 340 3.50 3.40 3.60 3.60 3.80 3.60 3.60 3.40 3.60 3.550 0.127 3.58
170 5.60 5.40 5.20 5.20 5.60 4.90 4.70 5.00 5.60 5.40 5.260 0317 6.03
190 9.80 9.80 9.60 9.80 9.40 8.60 8.80 9.80 9.60 9.40 9.460 0.433 4.57
210 17.00 15.00 16.00 15.00 15.00 18.00 16.00 15.00 16.00 19.00 16.20 1.398 8.63
230 34.00 32.00 36.00 34.00 29.00 31.00 28.00 26.00 28.00 35.00 31.30 3433 10.97
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AMSUINALVY 4 JISNUNNITTOTNRVOUTFDT 230 Wy, 3N ADIUVUIINT
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= ] o | P o oa S - 4
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s (m)
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317 3.24 gunssins In

3.5 Asmsdszanamanudumelunssuengy

o o = o 4 a 4 @ =Y a @

minaasiiaziimsfaulséiFemasnanudunnzguniiussene aAnuRuRa
a o Ya ool S0 ' @ v A w o 1) LT ]
A0 wAMUATNAIANNANTUANT TSN IANVANIRAnUANUALN e TuTe A Tndim
Y [ : = dy a d' Y < 9 o Y @ A
Y AINUNISRAWINAINAINANTTTUINAAIUS UasANuA L IRAaY MmsUszun

@ -, 9 4 yyvavo v i
ANuAuME NI ZUBN V19839 INToYAT IANRRINISNARDINMRY Murari et al [15]
n Yo :‘ @ d. ot Ao =} dy a
laviinsnaasatiiudsanay DME 1400 0UARa A YIS HUURABDINAINT (Direct
@ 1 @ LY @ .

injection) 9MI1AIUNIIOA 18.5:1 °1°1’s’qﬂnsm'mmmﬂu1uﬂizuaﬂ’c;m (Piezoelectric pressure
transducer) N3INANUAULTAIIUFN 3,25

Masahiro Ishida et al [16] Ta¥imsnaasslFfiissssumariolumsm Indlunses

=) ) A =1 :;w = .; a [
YUARALYA (Dual - fueled natural gas) 1A81HIATDIVUAAIBATVINIUV LR AT OINAINTI DA
A7UMIBA 18.2:1 WA 1AY ISUZU Motors Ltd. n3anuautaaslugili 3.26
v
nndoyasasdiumsdauazanuaiulunszuenguinedaii - MInAIaUNATIUN
v @ n 3 @ 4 ' o

nszuIuMItasutuuuy Ina Insta PV = ©) 92'18a1 n dalumisiefi 3.8 inSooudaya

o o [ ] @ ] ' @
wnlaona lloasdumsdatszunm 15 — 22 : 1 91081 n Yeduee laannuauly

¥ '
NSTUONGUITNIN 3.3 B9 5.3 MPa AnTuTsszinaminnudulunszuenguii 4 MPa

M3190 3.8 Joyadasidumsdaazanuaulunszuengu

U BA319IUNIDA anuaulunszuengu n

Murari Mohon ROY 18.5:1 4.3 MPa 1.285

Masahiro Ishida 18.2:1 4.4 MPa 1.300
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3.6 fuANTAYEIIBIUNY

v ' v
o w A A A o w Y

a a : o d : o @ :
N'I'IJNWﬂWl‘I‘I’ﬂuﬂ'ﬁYlﬂﬁﬂQll S5 FUA AD UINUUTNWIT muuﬂmu umummﬁm 1
v

@ o o @ =] @ wa :‘ @ {
s dudamue iy guautifmbiuivuaasluaisian 3.9 89311

' v
M3199 3.9 anuniavaniviuiNsana (cSt)

guuqil (°C) 30 50 70 90
Ytz 155.057 90.008 45.805 28.719
yithihdy 198.159 117.950 73.379 42.416
i amans 154.505 107.979 59.426 35.639
v A 210272 122.393 73.995 43.896
udamuas u 183.070 116.003 63.397 37.686

' v
M319N 3.10 ANVUDNTUWIZVe NI UNY i

QUHNN ('C) 30 50 70 90
Yihugnd 0.910 0.895 0.880 0.870
vy 0.900 0.885 0.875 0.860
yiudamdes 0.905 0.895 0.880 0.865
s 0.905 0.895 0.875 0.865
R e~ 0.900 0.895 0.880 0.865

' v
M3190 3.11 390 Muagzyada lvesiniuisena

FUANUNY I CO) yaan W (C)
v

WunEnin 132.5 167.5
: £ J

Wuhay 152.5 195.0
v '

iununaea 132.5 175.0
vy

Hiusn 137.5 182.5
v

Wuaanuaz Ju 150.0 190.0
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d o A a Y o & J q v W

msnagoumlsiifauuugfueglsiafaniotwudianveglum  ANUAUN

= I @ 1Y y (L) ™

fa 12 MPa uaziacusiianusuusInmMa anuaulunszuenguinTewuARIa lau)
. vy B

Tevegilszana 33 - 53 MPa suiudideinisaanamiuriaiansiaeg ldanudy
v w d o d 1a dy ' o Y

Fuinsvouifamlsdmuau lumsneasstiszdsanamanuaulunszuengulin 4

¥
MPa darfunruaulnfveniinavignilSuaaaiiy 8 MPa

d: o
4.1.1 adseniniumisa

LY

& Joy e @ ad a
nsnanesfivzldmlshiniufaaianuduiifa 8 MPa tazgunQiilawas 30

@ =t !: L% i 4
°c WudnfS ooy ssinfudmanng 1 -4 ms uaaalugin 4.1

1 ms 2 ms 3 ms 4 ms

'
@ ~

d' (9 J oy @ e A a 4:‘ a o)
3‘1]‘" 4.1 onyaralsoihiuaranANUAUNINA 8 MPa PUNYUIFDIND 30 °C
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s (m)
0.300 W

0.250
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0.200

1
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0.100
s = 74350t

1

0.050 5
R = 0.998

0.000 T T T T T T 1 t(s)

0 0.001 0.002 0.003 0.004 0.005 0.006 0.007

a v o d ' o @ : v A ~ v @
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8 MPa LaZQuV NG 30 °C
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21]1’1 43 Lkﬁﬂﬁaﬂ'ﬂmz‘ﬂﬂﬁﬁlﬂiUu’llIUﬂl"ﬁalﬂUUﬂUﬁllliUu'nJuW‘]fﬁﬂﬂ‘V]ﬂ'ﬂllﬂu'ﬂ')
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Diesel Coconut Paim Soybean Rice bran  Sunflower

a o v o oa ad a o o o
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s (m)
0.300

0.250

1

0.200

0.150 -

0.100 -

1

0.050

0.000

s = 51.422t

R = 0.999

0

s (m)
0.300 W

0.250 -
0.200 -
0.150 A
0.100 A

0.050

0.000

T T T T T Y 1 t(s)
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Temperature 30°C 50°C 70°C 90°C

Coconut 51.422 55.114 57.032 59.270

Palm 37.417 41.510 46.250 48.665
Soy Bean 44.308 47.958 50.731 53.116
Rice Bran 37.809 41.705 45.948 48.734
Sunflower 42.738 46.556 50.027 53.438
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Pressure 8 MPa 12 MPa 16 MPa 20 MPa
Coconut 51.422 66.306 86.925 103.748

Palm 37.417 58.013 68.109 91.375
Soy Bean 44308 59.961 79.648 97.351
Rice Bran 37.809 56.549 70.563 90.848
Sunflower 42.738 57.209 79.686 95.913
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Temperature 30°C 50°C 70°C 90°'C
Coconut 9.5 10.0 10.0 10.5
Palm 1.5 8.0 8.0 8.5
Soy Bean 7.5 8.0 8.0 8.5
Rice Bran 7.5 8.0 8.0 8.5
Sunflower 7.0 7.5 8.0 85

4 4 :, o @ a4 a
M13190 4.4 yumsenlsdiniuneaia gungliremas 30 °C (e3f)

Pressure 8 MPa 12 MPa 16 MPa 20 MPa ‘
Coconut 9.5 12.0 16.0 19.0
Palm 7.5 8.5 5.0 9.5
Soy Bean 7.5 8.5 9.0 10.5
Rice Bran 7.5 8.0 8.5 10.0
Sunflower 7.0 8.0 8.5 10.0
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' L4 a v @ ' L&Y 1
Aouailsdaziia Breakup ATmdIRUT T IIRNEIAnsdiunaezeglug
s=at+b 4.1)

o Lokl a a a a @ W 4
auimséaowifin Breakup nsdimugunpiuazfivanuiifa uaaslumsiei 4.5

Hag 4.6 MUAAY

4 4 oy Y @ a ' a v @ A
M3 4.5 AnusalstinduisananounNaNdUINA Breakup ANAUYINA 17 MPa

Temperature 30°C 50"C 70°C 90°C
Coconut 95.269 97.940 100.598 104.023
Palm 77.119 81.252 85.529 88.319
Soy Bean 88.353 93.453 95.231 97.756

Rice Bran 83.786 87.018 89.431 90.82
Sunflower 80.847 85.608 88.422 92.012

" o o :‘ o @ 1 2y \H = a 3 a
3197 4.6 S slsinTuRyadanouRaAneIRa Breakup QumiiFioiwae 30 °C

Temperature 17 MPa 21 MPa 25 MPa 29 MPa
Coconut 95.269 107.831 129.422 147.665
Palm 77.119 101.083 115.635 139.029
Soy Bean 88.353 106.090 121.620 131.744
Rice Bran 83.786 99.536 109.243 122.136
Sunflower 80.847 99.905 125.011 142.415

@ a ¢ A ad o W
¥&IN1510A Breakup 11AHANIITNANBIAINGIANTD iiel¥iEMdaanariouga nu
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' P a . & o
A1naf a, b uanelua1s1an 4.7 1ag 4.8 HANINAADIVDA Hiroyasu F9 TANAAIANNTS (4.3)

" @ a o : o a v @ A
ﬂ'li]\‘lﬁ 4.7 ﬁllll53fT‘Ylﬁﬂ'J'IilU']'JﬂlﬂiUU'lllUﬁ‘lfﬂﬂﬂ ANUAUNINA 17 MPa

30°C 50°C 70°C 90°C
Temperature
a b a b a b a b

Coconut 2.771 0.520 2.807 0.518 2.926 0.520 2.790 0.509
Palm 1.950 0.501 2.085 0.503 2211 0.504 2.300 0.505
Soy Bean 2.284 0.504 2.363 0.501 2.338 0.497 2.400 0.497
Rice Bran 2.437 0.520 2.531 0.520 2.679 0.524 2.681 0.522
Sunflower 2.476 0.527 2490 | 0.520 2.708 0.527 2.716 0.522

A:; s = p=g o : ¥ A v a 1: a (o)
13199 4.8 Fuszanianueralsiiniunyane gUUUITBINGS 30 C

17 MPa 21 MPa 25 MPa 29 MPa
Pressure
a b a b a b a b
Coconut 2.771 0.520 3.057 | 0523 3.019 0.503 3.285 0.502
Palm 1.950 0.501 2620 | 0511 2.844 0510 | 3.238 0.508
Soy Bean 2.284 0.504 2.941 0.520 | 2.837 0.503 3.363 0.520
Rice Bran 2.437 0.520 2.780 | 0.521 2.942 0.522 3.094 0.519
Sunflower 2476 | 0.527 2688 | 0516 | 2.983 0.506 | 3.217 0.504
1/4
Ap /2
=295 — | (tdn) (4.3)
08
A A P
Wwe S Ao anuealsd (m)

Ap Ao ANUAUNIRA (Pa)
p,  fiB AIMMUNLLYBAT (kg/m)
-~ s = A” -
t fio namdIMmIRAFaING (s)
d fin YuIAZHINA (m)
0 L4 o @ :{ 4 o
VnauMs  43) nuhanuenalsaduilsiduiunniassvesnar ey
=1 Y U d' =i A a0 Y A [ [ 3
nRoufeusuainai b lumsied 4.7 uaz 4.8 FalmlndiRoady 0.5 datunmineznlioy
FouRanIsNAaRITUaNMS (4.3) Sedesliumned b Tuaums @.2) Wu 0.5 ddluasiehn
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H @ a L4 ay Y [ o v
M319N 4.9 dulszanianuenanlstiiuisana ANUAUKINA 17 MPa

30°C 50°C 70°C 90°C
Temperature
a b a b a b a b
Coconut 2420 | 0500 | 2.467 0.500 | 2.534 0.500 2.558 0.500
Palm 1.851 0.500 1962 | 0500 | 2.076 0.500 2.141 0.500
Soy Bean 2192 | 0500 | 2248 | 0500 | 2270 | 0.500 2.329 0.500
Rice Bran 2134 | 0500 | 2204 | 0500 | 2276 0.500 2.304 0.500
Sunflower 2.078 0500 | 2.150 | 0500 | 2.257 0.500 2311 0.500

a o a o :l @ A [ a dy a (o)
3197 4.10 Fuszansarmemanlsdviniuiyana guuiiraInas 30 ~C

17 MPa 21 MPa 25 MPa 29 MPa
Pressure
a b a b a b a b

Coconut 2.420 0.500 2612 0.500 2.842 0.500 3.116 0.500
Palm 1.851 0.500 2.364 0.500 2.568 0.500 2.956 0.500
Soy Bean 2.192 0.500 2.555 0.500 2.682 0.500 2.906 0.500
Rice Bran 2.134 0.500 2.400 0.500 2518 0.500 2.688 0.500
Sunflower 2.078 0.500 2.361 0.500 2.745 0.500 2.994 0.500
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2N3904

MMBT3904 PZT3904

% B
E SOT-223
Mark: 1A
NPN General Purpose Amplifier
This device is designed as a general purpose amplifier and swilch.
The useful dynamic range extends 1o 100 mA as a swileh and to
100 KHz as an amplifier.
Absolute Maximum Ratings™ 1= 26C uess sturmise noted
Symbol Parameter Value Units
Vero Collector-Enlter Voltage 40 v
Vepo Collector-Base Vollage 60 v
Vino Emitter-Basa Voltage 6.0 s
lc Cotkector Current - Continuous 200 mA
Ty Tag Operating and Storage Junction Temperature Range -55to0 +150 C
*These ralings arelimiting values above which the seniseakility of any sermiconducicr davios may b mpaired.
NOTES:
1) Theseratings are based on L
2) These are steady stava limits, Yh-bcbry thouldbo whdmwwm puisad ortow duty cycle cperations.
Thermal Characteristics  1,s25cunsscmariseroted
Symbol Characteristic Max Units
2N39504 "MMBT3904 | "'PZ13904
Po Total Device Dissipation 625 350 1.000 mwy
Derale above 25 C 5.0 28 8.0 mw: C
Rexc Thermal Reslstancs, Junction o Case 83.3 CAN
Raua Thermal Resislance, Junction to Ambient 200 357 125 CW

* Devios mountad on FR-4 PCB 1.6°X 1 5°X0.06."

** Devioa meurted cn FR-4 PCB 36 mm X 18mm X 1.5 mm; mounting pad for the ocllecior lead min. ere’
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NPN general purpose transistors BC546; BC547
FEATURES PINNING
« Low current imax. 100 mA} PIN DESCRIPTION
» Low voltage (max. 65 V1. 1 emitter

2 base

APPLICATIONS 3 collector
« General purposs switching and amplification.
DESCRIPTION Yy 3
NPN transistor in a TO-92; SOT54 plastic package. %’ Jutcom w— 3 {
PNP complements: BC556 and BC557. pr—

Fig.1  Simplified outline (TO-92: SOT54)

and symbol.
LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT

Yepo collactor-base voltage open emitter

BC546 B 80 V

BC347 - 50 V
Veeo collector-emitter vollage open base

BC546 - 65 v

BC547 - a5 v
Vego emitter-base voltage open collector

BC546 6 v

BC347 - & \Y
le collector current (OC) - 100 mA
lcm peak collector current - 200 mA
lam peak base curent - 200 mA
Prot total power dissipation Tamp < 258 Cinote 1 500 mw
Tey storage temparature -65 +150 C
T; junction temperature = 150 C
Tuid operating ambient temparature -6% +150 C




BD135
BD137/BD139

NPN SILICON TRANSISTOR

» SGS-THOMSON PREFERRED SALESTYPES

DESCRIPTION

The BD135. BD137 and BD139 are silicon
epitaxial planar NPN transistors in Jedec SOT-32
plastic package, designed for audio amplifiers
and drivers utilizing complementary or quasi
compementary circuits.

The complementary PNP types are the BD136
BD138 and BD140.

SOT-32

INTERNAL SCHEMATIC DIAGRAM

Co(2)
5 (1
£0(3)
SC00960
ABSOLUTE MAXIMUM RATINGS
‘ éiymbol Parameter Value | Unit
BD135 80137 BD139
Vcso _|Collector-Base Vollage (le #0)0)) My, |0 ({749 | 60 A/ 80 | V
Viceo  |Collector-Emitter Yoltags (I = 0) 45 €0 80 \
Veso (Emitter-Base Voltage (Ic = 0) 5 ki
Ic Collector Current 1.5 A
lcw Collector Peak Current 3 A
I Base Current 0.5 A
Pt Total Dissipation at Te s 25 °C 12.5 W
Pt | Total Dissipation at Temb % 25 °C 1.25 W
Teg |Storage Temperature -65 to 150 *C
T Max. Operating Junction Temperature 150 {5
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COMPLEMENTARY SILICON PLASTIC
POWER TRANSISTORS
... designed for use in general purpose power amplifier and switching
applications.
FEATURES:
* Collector-Emitter Sustaining Voltage -
Veropes™ 45V(Min)- BDIOS, ED0E
60V(Min)- BDS07, BDS08
80V(Min)- BDS09, BD810
100V(Min)- 8D911, BD912
* DC Curment Gain hFE= 40{Min)@!.= 0.5A
* Current Gain-Bandwidth Product T=3.0 MHz (Min)@ 1=S00mA

MAXIMUM RATINGS
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NPN
BDS05
BDS07
BD909
BD911

PNP
BD906
BD908
BD910
BD912

15 AMPERE
CCMPLEMENTARY SILICON
POWER TRANSISTORS
45 -100 VOLTS
80 WATTS

T0-220

Characteristic Symbol| BDS0S | BD907 | BD909 | BD911 | Unit
BD908 | BD908 | BD910 | BD912
Collector-Emitter Voitage Veeo 45 60 80 100 v
Collector-Base Voltage Veso 45 60 80 100 \"
Emitter-Base Voltage Veso 5.0 v
i -
Collector Current - Continuous lg 15 A
- Peak 20

Base Current Is 5.0 A
Total Power Dissipation@T. = 25°C Pg 20 w

Derate above 25°C 0.72 ‘WF’C
Operating and Storage Junction ToTsr0 °c |
Temperature Range -65 to +150 '
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Tharmal Resistance Junction to Case | Reje 1.38 °cm
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SN5414, SN54LS14,
SN7414, SN74LS14
HEX SCHMITT-TRIGGER INVERTERS

SOLS049B - DECEMBER 1983 - REVISED FEBRUARY 2003

SN5414, SN54LS14 ... J OR W PACKAGE
SN7414... D, N, OR NS PACKAGE
SN74LS14...D, DB, OR N PACKAGE
(TOP VIEW)

® Operation From Very Slow Edges
® Improved Line-Receiving Characteristics
® High Noise Immunity

description

Each crcuit functions as an inverter, but because
of the Schmitt action. it has different input
threshold levels for positive-going (Vt.} and
negative-going (V1_) signals.

These circuits are temperature compensated and
can be triggered from the slowest of input ramps
and slill give clean, jitter-free output signals.

SN54LS14. .. FK PACKAGE

(TOP VIEW)
a1 |>°__2 v
(&)
> a9
a3 B 4 gy 2z
2A {}4 6Y
s
3A __5_@0_ 3y e fs NC
2Y s 5A
) B 8 4y NC 7 NC
3A f]e 14[1 5v
9 10 11 12 13
5A _"_Bo._"’ sy
S I
13 B 12 )
A
¢ ¥ NC - No intemal conpeaction
y=R
ORDERING INFORMATION
ORDERABLE TOP-SIDE
Ta PACKAGE! PART NUMBER MARKING
r—
L & Tube SN7414N SN7AaN
Tibe SN7ALS 14N SN7ALS1AN
Tube SN7414D o
Tape and resd SN7414DR
o C7eC SGIC-D
St v Tuos SN7ALS1D 1
Tapeandred | SN74LS14DR d
SOP-NS | Tape andreal | SN7414NSR SN7414
SSOP-DB | Topeandredl | SNZALS14DER LS14
Tus SN5A14J SNSA14J
Vs, Tube SNJSH1Ad SNUS414)
Tube SN5ALS 14) SN5ALS 14
-§5°C 10 125°C Tube SNJ5ALS14) SNJSALS14)
-, - Tube SNISH1AW SNUSA 14W
Tube SNISILS 1AW SNUSALS14W
LCCC -FK_ | Tube SNJSALS14FK SNJSILS14FK

1 Package dravings. standard packing quantities, thermal data, symbolization, and PCB desion guidelines are
avalable b wvww. li. comiscipackage.
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Abstract

The injection of the alternative fuels for IC engine including gas and liquid phase is visualized. CNG,
LPG, ethanol and vegetable oils are individually injected into the constant volume chamber. The
images of fuel injection are taken by still camera and shclieren set up. The development of spray is
observed by synchronizing the injection timing and camera shutter opening with microcomputer. The
results show the shape and development of spray and jet at various conditions. The penetration length
and velocity of the vegetable oil injection are also examined. In case of vegetable oils, the
modification is required because the injection spray is worse than diesel due to its higher viscosity.

Keyword: Schlieren, Fuel Injection, Engine and Alternative Fuel
1. Introduction

The application of alternative fuels is aimed to reduce the amount of petroleum imported, promote
Thai economics, and improve air quality. Many types of fuel such as CNG, LPG, Alcohols and Bio-
diesel are considered as aiternative fuels. The mixture formation within the combustion chamber that
controls the combustion is greatly influenced by the injection characteristics. -It is necessary to
properly control for the mixture formation in engine cylinders especially direct injection engine in
order to obtain stable combustion. Many researchers have studied about the fluid motion!"? and mixture
information®®) in the engine cylinder. Obert") and Bruwer®”) indicated: that vegetable oil have been
experimentally tested to have potential as an alternative diesel fuel for the past few decades in many
nations. However, research finding have also revealed that long-term engine durability is adversely
affected by the use of vegetable oils as fuel. These problems can be traced back to the high viscosity,
low volatility and the reactivity of the unsaturated hydrocarbon. Ryan® found the poor injection
characteristics of vegetable oils are a major cause of the problems reported in endurance tested.

Visualization of the fuel injection provides useful information concerns with combustion process.
In this paper, the injection of alternative fuel is visualized by means of Schlieren and still camera. The
gas phase fuels, CNG and LPG are visualized by schlieren. The vegetable oil spray is visualized by
still camera and its velocity is also measured. Ethanol spray is visualized by both of still camera and
schlieren to observe its liquid and gas phase respectively.

2. Experiment

Figure 1 shows the experimental apparatus including schlieren and velocity measurement set up.
Figure 1(a) shows the schlieren setup. The test chamber is located at the test section of Schlieren
setup. The gas injector is installed in a test chamber. N, is used to add pressure in the chamber. The
vacuum pump is used for removing the residual gas after injection. Generally, a high-speed video
camera is used for this type of experiment to obtain continuous images of the injection. However, for
this study, a still camera was used, as it is an economical alternative. The micro controller is
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programmed to send two signals for starting the injection and opening the camera shutter. Only one
image is taken for one injection process. It is assumed that the gas jet is not change significantly for
each injection process. The development of the gas jet is observed by taking the images at different
times. The duration time between the start of injection and the camera shutter opening is changed for
each image. This schlieren set up is used for taking the images of CNG, LPG jet and gas phase of
ethanol spray. In case of liquid phase fuel, the schlieren set is moved out then the images are taken
with only still camera. Figure 1(b) shows the velocity measurement set up that used for measuring the
spray penetration and velocity of the vegetable oils. The vegetable oils used for this study are refined

oils.

Flat mirror

1as

Concave mirror

_____ RS ———

Vacuum

l'—l

Pump

meory] ERUSRRRR o< vt B 3
mmp @ /[\ A

Micra controller

(a) Schlieren set up

Amplifier

)

Injector
| oo ]
l mo—l—.
H Photo sensor

(b) Velocity measurement set up

Fig.1 Experimental apparatus

3. Results

3.1 CNG Jet

.

Injection pressure ( MPa)

Time (ms).
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Fig. 2 Effect of injection pressure on CNG jet at chamber pressure 0.1 MPa
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Figure 2 shows the CNG jet at various injection pressures. The injection pressure was varied at 0.05,
0.15 and 0.25 MPa. The CNG jet penetration is little longer with higher injection pressure. The shape
of the CNG jet is not much different at each injection pressure.

3.2 LPG Jet

Fig. 4 The liquid phase LPG jet (Injection pressure 0.8 MPa)

-

Figures 3 and 4 show the LPG jet in gas and liquid phase respectively, injected into atmospheric
pressure. The injection pressure is 0.8 MPa. The shape of LPG jet is similar to the CNG jet. In case of
gas phase injection, the spray angle is larger than liquid phase injection.

3.3 Ethanol and gasoline spray

J eIy ‘“?""','"‘

10 ms

Fig. 5 Spray pattern of (2) gasoline and (b) ethanol (still camera)

8" Asian Symposium on Visualization. Chiangmai, Thailand, 2005. .29-3
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2 ms 4 ms 6 ms 8 ms
Fig. 6 Spray pattern of (a) gasoline and (b) ethanol (schlieren method)

The study of spray characteristics of gasoline (ON 95) and ethanol (99.5%) was conducted in the tes
chamber and observed by Schlieren set. The injection pressure and temperature is 2 MPa and 30 %
respectively. The images of fuel spray are shown in Figures 5 and 6. The spray penetration length o
ethanol is greater than gasoline due to its lower evaporation rate. The still camera was used fo
capturing the image of liquid phase whereas the Schlieren was used for capturing the images of boti
liquid and gas phases.

3.4 Vegetable oil spray

Spray of vegetable oils and diesel at 4 ms after start of injection are shown in Figure 7. The spra:
penetration lengths of vegetable oils are lower than diesel due to its high viscosity and low volatility o
vegetable oils. Figure 8 shows spray development of neat vegetable oil injected by 4-hole injector. Th
injection' pressure and ambient temperature are 17 MPa and 30 °C respectively. Results show the poo
injection characteristics of vegetable oils. Spray angle among vegetable oils are similar. Th
penetration length of vegetable oils is shorter than diesel. Figure 9 shows the spray penetration lengtl
and velocity of diesel spray. The velocity is calculated from the penetration length and time. Velocit;
of diesel, coconut, palm, soy bean, rice bran and sunflower oil for single-hole injector are 74, 51, 37
44, 38 and 43 m/s respectively. The velocities of vegetable oil spray are much lower than diesel. Thi
highest spray velocity of vegetable oil in this research is coconut oil.

Rice Bran Sunflower

Fig. 7 Vegetable oil spray injected by 4-holes injector at 4 ms after start of injection

8" Asian Symposium on Visualization. Chiangmai, Thailand, 2005. 29
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Coconut

Palm

Soy Bean

Rice Bran

Sunflower

3 ms 4 ms

Fig. 8 Development of vegetable oils spray injected by 4-holes injector

s (mm) v (m/s)
300 ; 200 "
. v=45.415t (m's)
250 A
150 + t: (ms)
el -
200 0.23 <1< 23.0 (ms)
150 - 100 -L
$=45.415In()+95.533 (mm)
100 A
t: (ms) 50 -
503 0.23 < t< 23.0 (ms)
0 T T T —y T -t (ms) 0 . = - - =%t (ms)
0- 5 1 15 20 25 30 0 5 10 15 20 25 30
(a) Penetration length (b) Velocity

Fig. 9 Penetration length and velocity of diesel spray
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4. Conclusions

The fuel injection of LPG, CNG, ethanol and vegetable oils are visualized. The results can be
summarized as follow:

(1) CNG and LPG jet are visualized by means of schlieren. CNG and gas phase of LPG jet pattern
are similar. Penetration length of CNG is slightly longer in higher injection pressure. The
spray angle of LPG in liquid phase is little smaller than in gas phase.

(2) Ethanol spray is visualized by means of schlieren and still camera. The spray pattern of
gasoline and ethanol are similar. The penetration length of ethanol is longer than gasoline due
to its lower evaporation rate.

(3) The spray of vegetable oils including palm, coconut, rice bran, soybean and sunflower are
visualized by using the still camera. The spray angle ofall vegetable oils is much smaller than
diesel. The spray velocity of coconut oil is the highest in this study.
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Abstract

This research aims to study spray characteristics of neat
vegetable oils and blended vegetable oils. The injection nozzle of
DI (Direct injection) and DI (Indirection injection) engine were
used for this study. The spray penetration length, spray velocity
and -spray angle were determined. Experimental resulls show the
spray velocity of vegetable oil is lower than diesel. The spray
angle of vegetable oil is less than diesel. However the increasing
of oil temperature and injection pressure provides good effect to
the vegetable oil spray.

Keywords: Injection, Vegetable Oil, IC Engine
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