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Numerical simulation of diesel spray characteristics based on

air-assisted atomization injection
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Abstract: To numerically analyse the process of air-assisted atomization for diesel spray,
the computational fluid dynamics simulation tool Fluent was applied. Three-dimensional fluid cal-
culation model considering diesel injection process in fuel/air premixing chamber was established
without changing the injector structure. The air-assisted injection process of diesel/air two-phase

flow was investigated in constant volume chamber. The effects of air injection pressure, ambient
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backpressure and fuel temperature on diesel spray characteristics were investigated. The results
showed that the air injection pressure had a great influence on the spray penetration distance. As
the air injection pressure increased from 0.65 MPa to 0.75 MPa, the penetration distance in-
creased by 12. 2%, while the Sauter mean diameter (SMD) of diesel only decreased by 5. 2%.
When maintaining the SMD of fuel spray at an optimal level, the pressure ratio of 7. 5 was bene-
ficial to reduce the air consumption. Ambient backpressure had significant influence on penetration
distance and SMD of fuel spray, as the pressure ratio was 1. 875, the flow field at injector outlet
almost did not produce supersonic flow, and the decrease of aerodynamic force significantly af-
fected the breaking process of fuel droplets, making the SMD increase to 40. 7 um at the injec-
tion time of 4 ms. Fuel temperature had little effect on spray penetration distance, while it had a
great effect on SMD. The SMD of fuel decreased significantly with the increase of temperature,
and the SMD corresponding to 323 K decreased by 12. 3% compared with that of 293 K. At the
injection time of 4 ms, the overall SMD of fuel was 14. 9 pm and the evaporated mass fraction of
fuel reached 36.93%.

Key words: air-assisted atomization; diesel; spray characteristics; Sauter mean diameter;
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Fig.1 Three-dimensional structure of air-assisted

atomization injector
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Table 1 Parameters setting of spray model
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Fig.9 Numerical images of diesel spray under different air

injection pressures (., =0 MPa, T=293 K)
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Fig.17 Penetration distance at different fuel temperatures
(p,=0.65 MPa,p.,=0 MPa)
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Fig.16 Numerical images of diesel spray at different fuel
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temperatures (p,=0.65 MPa,p.,=0 MPa)
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Table 5 Characteristics of No.0 diesel at different

fuel temperatures

WA R /K # ¥/ (kg/m*) fﬁ(?g{;
278 853 8.7
293 840 3.9
323 813 2.25

IR/ BRI S BRI R R AR /N o IS A
2 B 6 AT LA Y, 25080 T B R AR, 9K 3
(9 SMD 22 Ak I A BT 8, 8 Y 7 99K il it B8 AH X 85
IR I, Bl 55 1 W W BE f% R GIE T 155 5 22 3k SMD
AR RS E P, X R 25 A S BE 0 A0 A A U
B ShALV E sh Ve RE SR 1 e 2 A ARk 4 o
P19 S A TR A Ik IEL B T I 55 I ] 28 4 ms b
S BT 25 X I A 1k 2 A i RO A R . T LU

0 OI.5 1?0 1?5 210 2I.5 3?0 315 410
M SHRF (] /ms
K18 Ak T SMD A8 4k
(p.=0.65 MPa,p.,=0 MPa)
Fig.18 Variations of SMD at different fuel temperatures
(»,=0.65 MPa,p.,=0 MPa)
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Fig.19 Mass fraction distribution of evaporated fuel
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Table 6 Mass fraction of evaporated fuel at

different temperatures

RN 28 R Iy B

WL PSR 1] /s
T,;=278K  T,=293K T,=323K

3.0 2.732 4.150 32.07
3.2 2.735 4.173 33.10
3.4 2.736 4.178 34.20
3.6 2.740 4.181 35.21
3.8 2.745 4.186 36. 14
4.0 2.750 4.189 36.93

#2750 W AR AT, BRAKEE LB % 4k
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B S LR AR 23 B0 T B8 S i i i) B MR
AEHAT B Y SR S
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2 X AU 55 A 4 A s e S 0
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SRS PR TR LR AR e B 55 A i g
S W 25 R A S WAL, EREAIB R .
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0.65 MPa ity SMD 3/ T 5.2% , B AE £ 3F K4 il
SMD &b T8 47K -, SAH R L2 7.500 47 F] T
Il /D SR T FE
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VR JIT A2 0N T, DT I8 3 R e AR T g 25 B 5
FE 5 5 SMD, Wt i i [H] 75 4 ms i SMD H fig ik |
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3) MR IR X W 55 DY O S R ) R R, {H X
SR Y SMID 52 Wi 8, Bifi A6 108 ot i 52 1) T o L 4R
TH T ) SMD 2081380 /)N , 323 KX 1 ) SMD [
293 K Bf a7 T 12.3% , Wt 5 B 8] 75 4 ms B 19
SMD 4 14.9 pm BRI 2% & it i 43 B0k 51 36.93 % o
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2 E F I R RE I 28, DL aE— 2P el e R T Y
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