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Characteristics of High Pressure Bio-diesel Fuel Spray
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Abstract : Spray characteristics of conventional diesel fuel and bio-diesel fuel(methyl-ester of soybean oil) were
compared, in terms of spray tip penetration and spray angle, by using a commercial high pressure common rail injection
system for light-duty DI Diesel engines. The experiments were carried out under the non—evaborating condition at
ambient density(8.8, 15.6 kg/m3) and injection pressure(75, 135 MPa). The experimental method was based on a laser
sheet scattering technique. Spray tip penetrations of bio-diesel fuel were longer, on the whole, than those of
conventional diesel fuel, except for lower injection pressure(75 MPa) under lower ambient density(8.8 kg/m’). But
spray near angle and spray far angle of bio-diesel fuel were smaller than those of conventional diesel fuel, implying
spray angle is related to the growth rate of spray tip penetration. The experimental results of spray tip penetration agreed
well with the calculated values by the Wakuri et al.'s correlation based on the momentum theory.
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Fig. 1 Schematic diagram of experimental setup
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Table 1 Experimental conditions

L Common-rail injection —‘
Injection system
system
5 hole mini-sac type
Nozzle (Bosch)
Hole diameter (mm) 0.168
Fuel Diesel fuel
Bio-diesel fuel
Injection pressure (MPa) 75,135
Ambient gas No
Ambient density (keg/m’) 8.8,15.6
Ambient temperature (K) 303
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Fig. 2 Manufacturing process of bio-diesel fuel by esterifi-
cation
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Table 2 Properties of the tested fuels at 30 °C

Fuel Density [kg/m’] Viscosity [mm’/s]
D100 821 3.20
B100 870 4.65
800
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Fig. 3 Injection delay diagram
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Fig. 4 Typical signal histories of the employed experimental
setup
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Fig. 10 Spray tip penetration versus ambient density
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60 sIRXISXIZES| =2 H11A H235, 2003

40
N,~100% P, =135 MPa

2 D100 ( p - 15.6 kel )
Z D100 ( p = 8.8 kof )
L 30 =$-B100 ( p = 15.6 kg/a")
g %8100 (p = 8.8 ka/w)
3
& 20
Q
]

10 'l 1 1 L 1 | — I3

50 100 150 200 250 300 350 400 450

Time {us,ASI)
Fig. 12 Spray far angle versus ambient density

E OF250us(ASDE A F 2, B 7he] Aol £

Dol thshe] ATk =, 250us(ASD) o] Hof
= AR BAGl0) p.~8.8kg/m’S) Z5-9) B 7}
o] 2A g, 21 o] Foli= p~15.6kg/m’ 73 $-9] &
Fzto] B AAE, A4 e R £917] ol
ek A<l Bt AX$A ek 250us(ASD
ol%2 Are FH n} AT MM, Fig
109] 2% g B5 Aol g 4= v,
p=8.8kg/m’ A ol et] AR ERZo]
2 W, psl5ekgmiol e TG 52l
o A A, ol @ de BE
A o) Wgel N 28 5 Qo wgd. &
PR SUF P FE T} FSESE BF AT
& AN 7] WEol, Fig. 10004 vhebd 27 Ad
BEA ] AgrHe wof o] Fapol YehfE Ao

25 A BEAYE A o] A8 A A4

o 2712 249 Ak AL ASshev o]

F8F B 549 shtolth AHOE A %
¢

78S B8t} Fig, 13, Fig. 14 2 Fig. 15 ¥4}
44 Pyy=75MPas} 135MPaol] &} o] @ o] A5}

UAfe 25 A0 BEAY, BT 24D 4 2 9

AA
Fig. 132 2Algtelo] Bg % Ag HEA o
M5 LR 3 gt vlel 2 A B

1
A 5ol s AR 22 FEES /X o



o] EA}e], 71 F91] oA o] WA WlALs]o] glrk
A, EF ABEIL s g e AuE o o
A AR 2R HEA Yol ue B HAUE
AR F7hE 5 ek 53, 2971 F2ol 2w,
£%% mEo] W RAGIHC] B 97t o]
98 AT & NPam o, AR nhe P
M9l Aol 24 @t

Fig. 1404 £A} §F&ol] mp& 25 oA 2] 249
AskE A, Fig. 119] A} FASHA, &4
7] AERGHE BAF GE(EA $5) s o

yol Wit Qlch wleb 2l g} o] FARSE B

o
ol
ok

58
nn‘.

T 271218 FastA, dnol BARe] Azl
Aol mpe Wask BiAS L, Y 2%
2 f3a7)E ok

Fig. 1504 5 9472 zbe] ¥iste dvnd,
A S27b WE 200us(ASD) ©] - Pinj=135
MPagQl 7] &5 97g] Zo] EAl HE7F ="
Pinj=75MPa®] 7-§-5t} 22 FFE Holn, ZA
sheell gAIgle] viol e ol B9 Zhe ol £

35 A —
£
< 25F
k=)
€
g Np-100%. p = 15.6 kg/m*
S 151 ——D100 ( P,y = 135 MPa)
Z ~8-D100 ( Py = 76 MPa)
g =4 +B100 ( Py = 135 MPa)
2 ~-B100 ( P = 75 MPa)

5 T ; | T

] L 1
50 100 150 200 250 300 350 400 450

Time (us, ASI)
Fig. 13 Spray tip penetration versus injection pressure

40 N,~100%, p = 15.6 kaf oF
—-D100 ( P, = 135 MPa)

= -8-D100 ( P,; = 75 MPa)
S 30t ~6-B100 ( P,; = 135 MPa)
o -=-B100 (P,;= 75 MPa)
=23
[ =
©
®
2 20f
>
[
j=%
(7]

10

1 L i 1 L ' ]
50 100 150 200 250 300 350 400 450

Time (us. ASI)
Fig. 14 Spray near angle versus injection pressure

kS
I
jﬂ
o
m
0z

Fo vl Ak 2, 2 o] 3ol AL 4H
AAgle] A 59 kol ol AZITh 200us(ASD)
o) Zof) nlel e t] {2 &7 WA Zto] vl F o]
e vl tAfe L2 AR A FA S
7 g A 5ol vls) tha By wlFo|th e,
200u5(AST) o] -0 A el A3kl oL, Fig

1064 AF8txol, A o
g &z HEete B Add@SAE ] 4S5
Astet Be] 3l& Ao B4 ETh

o d3} zEo] FANIE o) FMESE BF 218
Zyolu} AR 742 F Am 25l tal Hasts
BeEe Btk a2, YA 5ol HlsiA bhel
O F5e W WEo R 2 A g vt
=2

obe 5 HE
45712 ol 247 )it PEF A oho|ct. Wakuri
5o eEdolES V12T s B HE BEA
28 thet 2ol ATt
_r Cabi 0.3, udpt (o5
S=( 0, ) (tanﬁ) 1
u=C, 240 )]
o
Age BA doixl BF Au@BEASE
Wakuri go] @5 % o] £& 7|2 & Slof At o]
2o Aoy Z X & e, &
7] WAk B9 AP AN AL

Bo 2 dAsdn

60 N,~100%, o =15.6 kg/m*
ob D100 ( Py =135 MPa)
5 ° D100 ( Py =75 MPa)
o ~-B100 ( Py =135 MPa)
o a0 # B100 ( Py =75 MPa)
2
o
& 301
=
o
<
w207
10 1 f 1 1 . 1 1

50 100 150 200 250 300 350 400 450
Time (us. ASI)
Fig. 15 Spray far angleversus injection pressure

Transactions of the Korean Society of Automotive Engineers, Vol. 11, No. 2, 2003 61



~ 40
E a) Diesel Fuel
5 3of
]
@
s 20}
a N,-100%, P,; = 135 MPa
O
i s * D100, p = 15.6 ka/a'
& 101 —D100 p = 15.6 ko/wCalculated
& * D100, p = 8.8 ka/n

0 . ~=D100 p = 8.8 ka/n* Calculated

0 100 200 300 400 500
Time (us, ASI)
40

= b) Bio-Diesel Fuel
£
— 30 -
c
ie]
B
T 20}
S N,-100%, Pi, = 135 MPa
S. = B100, p = 16.6 ko/n*
> 101 ~—B100, p = 15.6 kg/m Calculated
© ® B100, p= 8.8 kg/n
& ——8100, p = 8.8 ko/’ Calculated

0 0 100 200 300 400 500

Time (us, ASH)

Fig. 16 Comparison between calculated and measured spray
tip penetration

T;] X‘]
AESURCRSE
A et 2 2
1) wole A

FE.O
%@@t

27} o w2 geshs Aee el
2) 27 272 e 2917] UE Hrh BAYY
o F2 295, B4 o] £S5 E AR
o BAGle] Frashe A terigich
£917] WRe) F7tell we} BT 972 e
2ol AIGIO) AR = AL Bol AT, £l

3)

62 SIREXATEHI=2F H11A HM25, 2003

HE -o171<
A5 88kg/m’Al A& wpole vl BRI 156
kgm'ol = T8 279 B9k AXE 4%
& YERiAT

4) 25 BEAL AS Aoz Wakuri 50] 5%
o2& 7127 Bt AQE o] 24 nlwA &
dxsgon, 907 dEr) 544S AIR
o A mo A s ok

z 7

2 A7 e te] 200009 = At E A

5-8](2000-30700-005-1) 2.
T A =RY T

TSR BAR A4

References

1) H. Hiroyasu, “Mechanism of Diesel Spray and
its Combustion,” JISME 9834484, 1998.

2) W.J. Na, “Development of Production Technol-
ogy for Biodiesel Fuel and Feasibility Test of
Biodiesel Engine,” MOCIE, 1995.

3) W. Choi, B. C. Choi, “An Investigation of
Methanol and Methanol Blended Sprays Using
Laser Scattering Images,” KSME Int. J., Vol.15,
No.12, pp.1699-1710, 2001.

4) H. Fujimoto, T. Dan, S. Takagishi, J. Senda,
“Spray Characteristics of High-Pressure Diesel
Spray,” ILASS-Korea 1995-7, pp.126-131, 1995.

5) 1. D. Naber, D. L. Siebers, “Effects of Gas Den-
sity and Vaporization on Penetration and Dis-
persion of Diesel Sprays,” SAE 960034, 1996.

6) Y. Wakuri, M. Fujii, R. Tsuneya, “Studies on
the Penetration of Fuel Spray in a Diesel En-
gine,” Bulletin of JSME, Vol.3, No.9, pp.123-
130, 1960.



