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Research of the DI Diesel Spray Characteristics under High Temperature
and High Pressure Ambient Condition
-Diesel Spray Vaporization Analysis of Fuel Properties—
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In order to investigate the spray characteristics of diesel fuel under high temperature and high pressure ambient

condition, a surrogate LIEF fuel was developed, which was mixed with various organic matter to realize diesel fuel

properties. Using this test fuel, the effects of the fuel properties on the spray and vaporizing characteristics were

investigated in a high temperature and high pressure chamber. Furthermore, the effects of these characteristics on

the emission and flame behavior were also studied using a PCCI engine.

Key words: Diesel engine, Fuel injection, Spray, Laser, Vapor phase/Liquid phase, Visualization, Laser induced

exciplex fluorescence, Quantitative analysis
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Table 1 Test fuels
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Fuels (mm2/s) (K) (g/cmd)
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D 0.84 492K 0.756
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Fig. 5 Effects of fuel property on spray characteristics
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Fig. 6 Effect of carbon number on kinematic viscosity
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Table 2 Blend ratios of arcane

Arcane B.P. No.1 | No.2 | No.3
@| 489K | Tyo | 50 | 10 | 30

decane

Tetra

T

@ decane 524 K 50a 40 20
@| Hexa 553K | Tsop 40 | 20

decane
@ Eicosane 610K | Tgo 50 10 30

Target carbon number 15.6 (Wt%)
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Fig. 10 Spray tip penetration of diesel and
surrogate LIEF fuels

TMPD 1 % LS8R AE LTF 7 2L v 9 %% KR
& 7=, LIEF Fuel H i3, WA OWAH 2 R <, % &
RATHRANS DL —Y 3 VIEBETH - 72 RO THAI
0.5 - 0.7 ms 3 TSN F 7 7 ¥ OFEF A EF
Th D, BAKDOYRILE EL B> TW5. 20K, X
AR b L= g VIG5, S T 1.2 ms DI
B2V T 3, itk s O £\ LIEF Fuel H 1375 %
DEN, T DHROPLI G BNEH 1R AS N 5.

Fig. 12 I Fig. 11 OHGEi{FE 2 5 FH U 72 S R4S
B REFEOYRILT L OAR R LR YT
H BH 0.3- 0.5 ms FAFERD Y BILHAMIZK & 5%
FRENEVA, 2O 1.0-1.5ms T F 7 Vi3

% 1.0 —
© 0.8 dod -Ambient Condition: 5 MPa-873 K
§ o6l odecane -Nozzle: $0.175 x 6 (hole)
® / LIEF FuelH -Rail Pressure: 35 MPa
g 04 I -Injection vol.: 13 mm3/str
©
o 0.2 J
0 " L
300 400 500 600 700
Temperature (K)
- 40
[ : B [
Liquid Vapor I . I I ] 30 -3
phase phase - o _ N AT SR 2
LIEF FuelH | -------- Y20 1
. . : ) B 04
‘ ? ‘ . ‘ ! : [ 10 Equivalent
[} L] 0 ratio
77777777 > U )
— b - - b - —
n-dodecane | ________}_______! .__5 AN, i ] = =S S L 20
1 ¢ ' 9 R ‘ ’ -
—  O0mm

0.3 0.5 0.7

1.0 1.2 1.5 2.0

After start of injection (ms)

Fig. 11 Liquid and mixture distribution of surrogate LIEF fuels
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Table 3 Physical property of diesel test fuels for

engine

) Test fuel
Property Diesel fuel for PCCI
Density (g/cm3) 0.837 0.756
Klnegnanc viscosity 3.54 0.843
(mm?/s)
Too (K) 614 492
Tso (K) 543 411
T1o (K) 469 378
Cetane number 55 40
Aromatics (%) 20.2 13.3

- Engine: 2L DI, Nozzle: $0.175 x 6 (hole)
- Engine speed: 1650 r/min

- Injection vol.: 13 mm3/str

- Injection timing: 25° BTDC

Test fuel
Diesel fuel for PCCI
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Fig. 14 Effect of fuel properties on pre-mixed charge
compression ignition (PCCI) combustion
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1) T. Kim, et al., SAE Paper 2001-01-3495. No. 46-05 (2005), pp. 23-26.
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