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A study on the spray characteristics of hydrocarbon—fuels with
viscosity variations
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ABSTRACT

An experimental study was carried out to understand the spray characteristics of three
kinds(kerosene, heating oil & diesel) of hydrocarbon-fuels. Fuel temperature and injection
pressure were main variables in the experiment. Fuel Temperature was changed to obtain

various levels of fuel viscosity.

Spray angle and spray length were measured by using LVS(Laser Vapor Screen)
photographs. 1D PDPA system was used to measure droplet size & droplet velocity.

In room temperature, spray characteristics of three kinds of fuels were good, especially in
case the fuel injection pressure was more than 6 Kgi/cm’

It was also found that spray characteristics were poor in case fuel kinematic viscosity

was more than 5cSt.
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¥ CP : Cloud Point
CFPP : Cold Filter Plugging Point
PP . Pour Point
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Table 1 Characteristics of Test fuels

Fuel Heating .
item Kerosene, ol Diesel
Specific Gravity

(15/4 T) 0.7982 | 0.8300 0.8388
Flash point(C) 43 45 48
Sulfur{ppm) 15 645 412
CP(TC) ~ -4 -5
CFPP(TT) - -15 -16
PP(T) = -25 -25
water and LT LT LT

sediment

(wt.%6) 0.005 0.005 0.005




Table 2 Experimental variables and measuring

items
\ Spray Experiment
I.l’xi&:dOﬂ - V3
Pressure 1~10 kgy/cm
Experimental Temtslature ¢ ~-33TC
variables - Kerosene
Kinds - Heating oil
- Diesel
Measuri - Laser Sheet Visualization
tems nng - Spray Angle, droplet Size(im)
- droplet Velocity(m/s)
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(a) Injection Pressure 6 kgy/cm’

(b) Injection Pressure 8 kg/cm®

(c) Injection Pressure 10kgs/cm’
Fig. 1 Laser Sheet Photographs at Specific
Spray Condition with various fuel injection
pressure (for Kerosene)

(a) Injection Pressure 6 kgs/cm®
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(b) Injection Pressure 8 kgy/cm’

(c) Injection Pressure 10 kgy/cm®
Fig. 2 Laser Sheet Photographs at Specific
Spray Condition with various fuel injection
pressure (for Heating Oil)

(a) Injection Pressure 6 kgy/em®

(b) Injection Pressure 8 kgy/cm®

(c) Injection Pressure 10kgy/cm®
Fig. 3 Laser Sheet Photographs at Specific

Spray Condition with various fuel injection
pressure (for Diesel)
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Fig. 4 Kinematic viscosity variation of
test fuel with temperature
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(a) 14.8C () 3.0C

(c) 1.0TC

(d) -33¢C
Fig. 5 Laser Sheet Photographs with fuel
temperature variations(Kerosene)

(b) 37T

(a) 106

(c) 20T (d 07¢C
Fig. 6 Laser Sheet Photographs with fuel
temperature variations(Heating oil)

(a) 11.0T

(b) 25T

(d) 15T

(c) 22T
Fig. 7 Laser Sheet Photographs with fuel
temperature variations(Diesel)
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Fig. 8 Schematics diagram of spray length

of L1 and L2
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Fig. 9 Spray Angle with fuel Injection
Pressure variations
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Fig. 10 Spray Length (L1) with fuel

Injection Pressure variations
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Fig. 11 Spray Length (L2) with fuel

Injection Pressure variations
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SMD(um)

Fuel Injection Pressure (kg jem’)

(a) Mean droplet size

Axial Velocity (mvs)

Fuel injection Pressure (kg/cm’)

(b) Axial spray velocity
Fig. 12 SMD and Axial velocity with fuel
Injection Pressure variations (Temp. 22C)
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Fig. 13 Example of data distribution
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Table 3 Spray Characteristics with Fuel Temperature(Nozzle) variations

Fuel Values
T T) 05 | -45 | -51 | -95 | -145| -148 | 148 | -192 | -184 | -197
Toump{T) | 100 ] 5 | 30 | 00 | -30| -40 | -40 | 80 | -90 | -110
Toeae{C) | 114 | 70 | 50 | 30 | 15 { 03 | 00 | -10 | -1L9 -27
Kerosene
Puilkg/em®| 80 | 80 | 79 | 79 | 79 | 79 | 79 | 79 | 79 78
Diz(zm) 768 | 751 | 766 | 846 | 760 | 826 | 829 | 770 | 782 795
Veromemy/s) | 111 | 183 | 132 | 130 | 129 | 129 | 129 | 128 | 127 127
Tael T) 4 | 37| 78| -90| -90 |-160]|-160]|-177} -177| -177
Tuumol T) 12 | 10 0 0 | -10| -30 4§ ~40 | -40 | -40 -5.0
Heating | Tnome(T) | 12 | 80 | 60 | 50 | 40 | 25 | 20 | 20 | 18 17
Oil  Ip.tkg/em®| 80 | 80 | 80 | 79 | 79 | 728 |77 | 775 | 77 78
Du(mm) | 1066 | 1180 | 1234 | 1162 | 1140 | 117.0 | 1135 | 1094 | 1236 | 1328
Vaooe(m/s) | 139 | 141 | 143 | 141 | 138 | 130 | 109 | 1213} 77 2.15
Troel{ T) 4 0 | 70| -90 | -146|-152| -152 [ -152 | -169| -17.0
T ouemal T) 11 7 1 -2 | 60| 80| -80 | -80 | -90 -80
Diesel | TreeelT) | 12 10 | 67 | 39 | 33| 29 | 25 | 23 | 23 23
Pui(kg/em?) | 8 8 8 8 78 | 78 | 77 | 16 | 76 | 76~83
Diz(zm) 993 | 1038 | 1194 | 1203 | 1249 | 1257 | 1266 | 1244 | 1150 | 1227
Vaoee(m/s) | 133 | 135 | 135 | 1335 [ 12351217 | 120 | 111 | 11.34 | 1062
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