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Comparision of Spray Angles of Pintle-Type Gasoline Injector
with Different Measuring Methods
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Abstract

Spray angle, a parameter which is most commonly used to evaluate\ spray distribution, is
important because it affects the axial and radial distribution of the fuel. Spray angles were
measured and compared for the pintle-type gasoline fuel injector with n-heptane as a test fuel
with the three different measuring techniques, i.e. digital image prd(:essing, shadowgraphy and
spray patternator, respectively. Fuel was injected with the injection pressures of 0.2-0.35MPa
into the room temperature and atmospheric pressure environment.

In digital image processing method, the transmittance level greatly influences the spray
angle with the axial distance from the injector. From the experimental results by the
shadowgraphy technique, it is obvious that the spray angle vary during the injection period.
The results of spray angle from the spray patternator show that there exist the different spray
angles in the different areas. The spray angles increase with the increase in the injection
pressure for the three measurement techniques considered in this study. The spray angle is
widely different, especially in the near region from the injector, according to the measurement

techniques used in this experimental work.

F871€8° : spray angle(Z%2Z}), pintle-type injector(BEF <QAE), digital image
processing(t) A8 B4 #]), shadowgraphy(2@82} AlR), spray patternator(¥%F gl €))
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Fig. 1 Schematic diagram of experimental
setup
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Table 1 Properties of n-heptane at 293K

Density 684kg/m’
Kinematic viscosity 0.61% 10° m%/s
Surface tension 20.9% 10°N/m
Refractive index 1.385

d A sin EREFLIAMOZRE Fole =4
abel 93 A 20-170mm7tA] Z3Z€dct

BesidAda R AxFdz: 256709 A=
FAHY, 16x169 AAYHE W AH 3l
. z 799 FAHL 5mm, FEH FZALO]
= imme]® ZolE 105mmelt}. 25670 +
& &ue BAZ Ho oy 7Y 3
FAd] 93GAY AIFHo] HAHY gl
FREFAWN dde] $3% xFdA A8
7} BAEE 7 A d87t $AHT $HE
89 Fe FASY 94 94 F3E
. ztztel Ad AZF AXFH2AA AE7L
#AHA AFeo) YYgdEd. AFH Z do]
B NEiZEdol: J¥d HelHE A3
o BAd "Hag Asg HFEd. Al Z
BE 2349 EE 334 ¥4oZ FHEHAY, ¥
2z 9 71E} 49 A8 &Y¥dd. HEHY
olH 9 JlzolE, FHE, §EAA UF MY
Agre FnEa®e) sj2se A

_J,l o o 1

2

349 2% 2 ¥

31 4&9 9%

Z}zre] ojnjAEL W|FLZRE EF9 o
o & MPsA Jerdr] fste AHEATE B
Fg A& AT F AE 7IFe] A+ ouA
A7 LTEHE ALY Fig. 2& A
&8 03MPadlA #FzZd] nAEe F34&9
432 Yepdc aHE ¢ onAlE fA
4 ude sviztz 898 4L (origina)® ©
¢} M2 GE FFHEIE T5%, 80%, 8%
dA 2238 ALY ovAE Yehdt FH}E
7129 Add wel AR Y 2z AN
B2zl 9%& F= Ao Wzt E4&



12/

Spray angle [degree]

(=T ]

B R 8 & B8

—t
o
T

-
(=]

i

Origre T-aremitircs 751 Treramdbocs 8% Trencmliones 87X
Il L 1

0 33 04 &© & 10

120 140

Avid distanoe frominjectar tip [nm]

Fig. 2 Effect of transmittance level

on spray angle
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Fig. 4 Spray angle variation with time
after injection

2489 x2Yo2RH 10mm (FOE
2z X8 B FZ4 Figdel Yeldth  Fig4
T AR F A FAe mE x4
EAIZHY] g E vehdtt. 10mmAHY £F
Zte] A ¥%%71Y 2ms ; 398", 3ms ;
225° , 6ms ; 2092° , 65ms ; 83" & 3%
7ol E52Ze] dids] Iy A3e] =dd
el 24330 3msE AYEA A9 gAY
65msol M AR 2 F33) gAa¥g. B
ARt 0.2MPa, 0.35MPas] 48 @ 7o) o3a
0.3MPa¢] 7Z$-¢ vlA7FAEZ 30-60mm=| 3 o
A 6.0msg #5221 ¢t ¥Wadx B33
3 A9 AAHDZ 60msd $TAE My
o e Ay dHM 238 RRzwm
23t 20mmA @ FFZE 3mstH
ZAe] stk 2 olfE 3msolAdE
20mmA| Fel BF7F =8stA £ 9 Fol
. T0mmA & ALt Ao BASGL
6.0msXFolx  BFzte] oz Z7hslm,
65msoll 4] BFzto] Aide AL BEF B
ArzZlel YEiUYE d4os dze] 293 9
YAs gasel 2wgez o o4 AR
F3la HA &= gdez wagdo.

A AnPeetg) ) Al 4 @A 4 3(1999)/13

fuel
volume

[
ot

95% of fuel distribution
indicates spray angle

Fig5 Typical fuel distribution of solid
cone spary

BRzlel 248 x2dHE o&3tAY AR
H 7142 o4¥ A Z7e| golsirh a3
U olE E82 23 wie R S4o| A
T g AN wtA WY e ud T o A
BA £ Bolth tA ‘Q%} 2R 54
S 1A g B2 § £330 X
22zg Ygysz ge s.x}% gt
olg AAst7l Astel SAHRelH g ET
Z 24, 2 229" 9% BRZ2Ho] 2
gz ek
2Ry 9% 2R 2He ERYsE
s 3 EE 53 3 wMEsd 24§ AR
Aol 8N EFze dagozA Ay
RoM HE4HE REAR 2AY 2RI A
£ 4 9o Fight £33 29 B F(solid
cone spray)?l thEFHQ dSEXE Yeo
SAE®7t 239 BEudd 9y 2Rz
A2y ot
AA BFF 80%, 0%, 95%, 97.5%< AF
2gol o#y BRWHe) 9@ 2R2E 4y
dz Jdasacg. e PHew 249 e
ztst W@y 93] SAE7 M 95%9)
A 2 & -8 (fuel distribution)& A&t}
Fig6e AEdA 87t ¥Agel whet
24w 2t Aoy $38 A8 AAo
42350 ATAFA WA JAe 2
229 ¥ PRAES Ui =Eolg 4
™ &) 3 £ ¥ (relative volumetric distribution)=
ztzte} Aol +3Y HY A8 F3 g A
o AEFY €E WEEZ U Rolg
Fig6ol st AAee HEHA A5e



14/= &

m40-60
5 020-40
7 00-20

g
.60 100%
59 é w60- 80
z

1 3 5 7 9 H 13 15
Cell position(X)

Fig. 6 Spray volume distribution in
patternator
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Fig. 7 Comparison of spray angles by image
processing and by spray patternator
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Fig. 8 Spary angle from different
measuring methods

m -
-8-02Wa
70 95% FLel dstbution { ~A~0.3W2
-0
@60 —&-0.2Ma
[ Trarervittaroe 80% { —a— 0.9
§50 : - 0.3
— -6 0.2
220 Srediowgapty (Bvs) { & 0.3WPa
€ g - 0P
>~m I
jd
Qo9 | Q.
» B.A___E._....2;;;;3;;;;2::::@:::3
10 r B"D»-»-a----a

o

0 20 20 60 80 100 120 140 160
Axial distance from injector tip [mm]

Fig. 9 Injection pressure effect
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