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Abstract: To improve the cold start performance of gasoline compression ignition (GCI) engines,
the spray development and evaporation characteristics of gasoline, diethyl ether and their blended
fuel (with a volume fraction of 10%-50%) under different operating conditions were studied by
visual experiments and numerical simulation. The results show that the numerical simulation is in
good agreement with the experimental results in spray macroscopic morphology and liquid phase
cross-section area. The numerical simulation results show that as the diethyl ether mixing ratio
increases, the spray tip penetration distance and spray cone angle slightly increase by up to 20%
and 10% , respectively, the particle size of spray slightly decreases, but the spray evaporation
significantly increases. The fuel droplet evaporation characteristics experiments using the suspen-
sion method have confirmed that diethyl ether mixing has accelerated the evaporation of blended
fuel. The evaporation rate of diethyl ether and all blended fuels increases first and then decreases,

reaching the maximum evaporation rate earlier than gasoline. With the increase of diethyl ether
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mixing ratio, the evaporation rate of fuel spray is significantly increased. Based on the experimental

and numerical simulation results, it is believed that by mixing diethyl ether, the atomization quality of

gasoline fuel can be improved, while the evaporation rate of fuel spray can be significantly

increased, thus improving the quality of mixture formed in the cylinder., and helping to improve

the cold start performance of the GCI engine.

Keywords: gasoline compression ignition engine; diethyl ether; spray; numerical simulation;

evaporation characteristics
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Fig. 1 Device for spray macro characteristics
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Fig. 2 Device for spray falling point distribution
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Table 1 Basic parameters of nozzle

FF5 WEMEARER /mm B AR/ mm AREC AR/ (g e s

1# (—0.44,0.80) 0. 20 2.5152
2% (0.28,0.86) 0.22 2.0633
3% (0.53,0.18) 0.18 1.879 8
4% (0.44,—0.44) 0.18 2.067 2
5% (—0.28,—0.55) 0. 20 1.879 8
6% (—0.78,0.03) 0.22 2.694 7

SEH TOCINER 2 iz, SEB YW 0 2 10,15,
20 MPa, 33558 FE % %€ 4 0. 1.0. 5.1.5.2. 0 MPa, M}
Wk TE R 1.5.2. 0 ms, B &S WG Wi E 4L F A h &
AR ZS RIMIR AR F o 293 K, & 45 9 N 1Y FR B2 IR
&k 293,349 K,
K2 WEFEFEBRIRN
Table 2 Experimental conditions
ZH Hfii
HIETE P /MPa 0.1,0.5,1.5,2.0

I 55 & 1 P,;/MPa 10,15.20
WRIRE T /K 293,349
15 7 ik 5E Wiy /ms 1.5

S PR (95 # ) | £ Tk P b 4l iR R LA
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Table 3 Fuel type and physical parameters

KL W o/ (kg e m™?)  NIFE p/(mPa«s) THEKN of/(mN+m™') ZKJE P,/ kPa whaE T,/ K
il 734 0.77 21.5 45.0 393.0

DEEL0 730 0.73 20. 7

DEE30 723 0.77 19.9

DEES50 717 0.77 19.2
DEE 698 0.56 17.0 58.9 307. 6
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Table 5 Numerical simulation conditions
24 Bl
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Fig. 3 Model simplification and mesh generation
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Fig. 4 Grid independence of constant volume vessel
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Fig. 7 Comparison of spray falling point distribution
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Fig. 9 Spray tip penetration of different fuels varies over time
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Table 6 Spray cone angle of various fuels

1]/ ms O
panid DEES50 DEE
0.5 63.1 64.5 65. 4
1.0 64.3 66. 1 67. 4
1.5 65.9 68.5 69.6
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