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Numerical Analysis of the Effect of Injection Pressure Variation on Spray Characteristics

o g 8
K. Park

This paper addresses to the injection pressure effect on the diesel spray. The injection pressure
is varied from 10MPa, in general system, upto 200MPa, in high pressured system in order to
understand the effect.

The gas phase is modelled in terms of the Eulerian continuum conservation equations of mass,

momentum, energy and fuel vapour fraction. The liquid phase is modelled following the discrete
droplet model approach in Lagrangian form.

The droplet distributions, vapor fractions and gas flows are analyzed in wvarious injection
pressure cases.
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Table 1 Test cases

Base Casel |Case 2 |[Case 3 |Case 4 |[Case 5 |Case 6
Inj. pess.(MPa) 19.6 10 20 30 50 100 200
Nozzle hole dia.(mm) [0.25 03096 [0.2485 [0.2215 ]0.1929  10.1610  |0.1349
Gas press.(MPa) 2.9 29 2.9 2.9 29 2.9 2.9
Gas temp.(K) 773 773 773 773 773 773 773
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Fig. 3 Comparison of spray development at times of 0.25, 0.5, 0.75, 1.0msec from injection
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Fig. 4 Comparison of vapour development at times of 0.25, 0.5, 0.75, 1.0msec from injection

-116 -



4-4, FFEA

Fig. 55 EAIF 1O0msec A F7)H/5S BHo & JHETY FLEX AN HodFE AXY
T YA AGEAY AY RS SHAAD EXHY, 1dEAY ASE B YA BXEg
FEAgA Bz 3 LE8E0lE Vel

o
T
T

10 mfs: — o 10 m/s: —

0 [

8

Depth(mm)
g

&

£0 ) 1 1 H
[ v 2 X o 10 20 30
Radius(mm) Radius{mm)}

(a) (b) (c) {d) (e} )

Fig. 5 Comparison of gas flows at 1.0msec from injection start
(a) Case 1 (b) Case 2  (c) Case 3
(d) Case 4 (e) Case 5 (f) Case 6

4-5. 2% FPA] ¢ o

Fig. 6, 72 ZZt BALF AZte] tig ERAGAD € EFZ9 W3E Yedd. JGEAL
S EFRFAYN NDY 7t 8@ v Aoz Mg B FAU, agpEAle] ALde
AlZtel 7o @A AA TS Bdo Fo AT ¢4EEUMe $2 ZE ABGHAM At
Z7H9He ¢ & At 8 £FEFLS FAGE S vt Avtdoz F/eAT 2 A=t dn
Azbel Wk A&7 Fo oje YAME AFSFAAU £FS5 goz BiAHe d8/T oF
Z7t9 A gol SuH7 gEoR AlgdT}

m —, 8m
&M
< 4o
=3 €
L2 E |
A £ o)
@ 2 4 :
S 7 i
g 5
2 nm- |
200 .
!
00 4-——— — | T | 00 - T T T T T T g ]
am 040 08 a8 0 00 a g a® 10
Tire frominjedion(iveeg) Tirre fromirjectionreed)
Fig. 6 Comparison of spray penetration Fig. 7 Comparison of spray width

4-6. 4H=7 B ¢
Fig. 8, 9% ZZd BAIZE Algd] Wd AZYFARSMD)S 9a3e3e o Ftt. SMDE
gdEzvlel 8 ZAFTE Ho FEY, ol BALHZI A dAHY Yo B9 FAd F
-117-



AF71H5e Atz AFHT9 $-A(coalescence)?) 3 S 743
AzZrdot ZFE¢FL 0.lmseco] Aol A2 QAT o]lF A|7HE7
At e F7ker g4 S7HE

T o

ey
7} '»ﬂ s % bed E¢ 2

400 —
—— Comst
_— Case2
J -~ ~ Cam}
——  Cased !
—— CaneS
N0 | —— Case$ )
< - 3
e 1 — e
© — K
E - e £
Bawy _ T et s
E o ——— T~ H
g - ,/"/’ §
3 . a
—‘/ >
100 —
0m L e B S
a0 [1T1] Qe a0 10
Tirre frominjection(eec)
Fig. 8 Comparison of SMD Fig. 9 Comparison of vaporized fuel

EFSUEL 2V|HEE A3, At e HYAHA vHFA Ko g Hoz B
g :

F yopor=a( Pt (6)

A7 Fopps QESLF(EN: pe), 15 BAFAND: msec)ol™, a(P)e AAZ o

¢ tangent@ 22 ¢H S P24 Fig. 103 o] Yehye], o] 2AZTE G52 A Fojzo

a(p) =—597.8+396.07 In(P) P
160000 —
5500 —,
4 50.00 B e e T
4500 ] R
120000 -] L
40.00 —| .
? ’
3 _ ase0 |/ — Vaporized fueH*10E-10mg)
4 1 —~ — Sautermean diamicro-m}
- » 3000 - \ - - Spray penstration{mm)
§' 800,00 ] i \ —— ~ Spray widthimm)
= $ 2500
€ 4 AN
g 1 2000 —| S
= ) Tt - - -_
000 | 1500 — B
1000 —| —
1 so0 ] 7('_/_'_A ______
000 — . . . 000 N AR S E s |
' ! 000 40.00 80.00 12000 160.00 2000
000 4000 12000 16000 2000 My
Iq MPa) Injection pressure(MPa)
Fig. 11 Spray characteristics
Fig. 10 a-value vs. injection pressure with pressure variation

4-7. Mg &2
Fig. 112 £AM 2% 10msecolA 8] ¢tguistd] @ £F54& B £0.
7 fen, qAHYFAF(SMD)E #FLadan ERIAPAR G FIFe INY

-118 -

sEe 2w

YE it

e b



A IMPaZAAE GHZF7I WA 2 WHE RelFn YA, olFle W] £RHE
RAe ¢+ A

5. 248
2AEMsy) BREAG A d%e 08T 2o PU
b AGEAS AP ERAREC] RREE FHOE WE A PEWOZN A §
2o o8 2985 445H Woz AR ReTh 3W 1GEAY S 29B/459
489 ¥ 2EAHE0) U Wel WA REXFoM d=E A s Be IuRe
AL,
pareel 27l @A EEANAS FUFe FAsN, ANYRARL FAEE YU
3, BREL 2 ¥ss g
brEZvlel BhE EREAUNE AYIAINE A, FYSNNE S
el BMAREE Fel CARTY s /By A2EEFHE AL RoE d
29t AT, Fde F7h8 tEol I AW ERFE AAY W, LYRE At BAA
27lHE AUALERE Taste) AA UAEEE AU ¥ + Yt APE Agde 4
go] a 7R

A8

[1] Minami, T., Shintani, I, Tsujimura, K. and Suzuki, T, "Analysis of fuel characteristics and
combustion phenomena under high pressure fuel injection”, SAE paper 900438, 1990.

[2] Nishida, M., Nakahira, T., Komori, M. and Tsujimura, K., "Observation of high pressure
fuel spray with laser light sheet method”, SAE paper 920459, 1992.

[3] Nishizawa, K. et al, "A new concept of diesel fuel injection timing and injection rate
control system”, SAE paper 870434, 1987.

[4] Beck, N. J. et al, "Direct digital control of electronic unit injectors”, SAE paper 840273,
1984,

[5] Miyaki, M. et al, "Development of new electronically controlled fuel injection system
ECD-U2 for diesel engines”, SAE paper 910252, 1991.

[6] El Watkil, M. M., Uyehara, O. A. and Myers, P. S., “Atomization of muiti fuel sprays”,
ICLASS-82, No. 9.3, pp.237-244, 1982.

[7]1 O'Rourke, P. J. and Brocco F. V., "Modelling of drop interactions in thick sprays and a
comparison with experiment”, In Stratified Charge Automotive Engine Conf. I.Mech.E, 1980.

{8] Reitz, R. D. and Kiwakar, R., "Effect of drop break-up on fuel sprays”, SAE 860469, 1986.
[9] Suzuki, M., Nishida, K. and Hiroyasu, H., "Simultaneous concentration measurement of
vapour and liquid in an evaporating diesel spray”, SAE paper 930863, 1993.

-119-



