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A Study on the Simultaneous Measurement of Droplet Size and
Velocity in a Diesel Fuel Spray
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ABSTRACT

The pupose of this study is to measure droplet size and velocity simultaneously for a transient diesel

fuel spray in a quiescent chamber at atmospheric temperature and pressure.
Generally, diesel combustion phenomena 1s mainly govermmed by characteristics of injection system and

fuel spray. Therefore we need to clarify these characteristics for developing more economical diesel systems.
In this study, correlation between droplet size and velocity was measured at downstream distance from
nozzle. Governing parameters are pump speed and fuel quantity for the detailed nature in this transient

diesel fuel spray. It 1s observed effect to the droplet size and velocity distribution.

Velocity(peak, mean, rms), number density and droplet size were investigated simulaneously using PDA
in the spray. Various results are presented to illustrate the effects of operation factors and correlation
between the droplet diameter and velocity. |

T8 7]=-8°] ! Sauter Mean Diameter(Sauter 3T 7), Spray Angle(¥5Z), Spray Tip Penetration
(Bt @A), Droplet Size(d & 27]), Number Density Distribution(F ¥ =X )
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Table 1 Experimental Conditions and Measuring positions
| Type B - Condition |
Diesel O1]
Fuel o ..
~ (Density - 0.843, Refraction : 1.46)
B RPM 600, 800, 1000
" ‘Fuel amount 77. 9(mg)
[njection Single Hole Nozzle L/d,.—34
Nozzle - Dia. d,=0.505mm |
njection 10.0MPa
Pressure | B ] |
Measurement PDA(Particle Dynamic Analyzer)
Instrument DANTEC Inc.
Inj. Pump NP —6EA85C3 | . ]
o V5-Motor . | 4 5HP .
| _ | ‘Measurement peeiﬁeﬁ |
wondition Vertical ~ Radial
40mm 0, 1, 2, 3, 4, bmm
70mm 0,1 2 3 4 5 6,7 89mm
G00Rpm 100mm 0, 1, 2, 3 4,5 6, 7, 8, 9 , 10, 11n1m
 130mm 0, 1 234567891011mm
600, 800, 1000Rpm ! 100mm | Q,__l, 2,3,4,5 6, 7 8 9mm
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Table 2 Definition of Mean Parameters

Velocity
Mean velocity Vien=(1/N)D 'V,
RMS velocity Vime= ((I/IN—1)) D (Vi Veead D ¥
N . Number of Accepted Spherical Measurements
N. : Individual Velocity Measurements
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Table 3 Injection Condition(d,=0.505mm, P,=10.0MP2a)
h Pump Injection Fuel Average ) Averagé_
| speed | duration amount Inj. rate Inj. Pressure
(Rpm) (ms) | (mg) (g/s) (MPa) |
600 42 79 170 | 33.0
800 36 781 198 37.2
1000 32 | 76.5 218 25 |

100 é@ggég
L g
< [ B =
ER :
o op 8 ﬁ'
% F [J : 600 rpm
=i _ (Y + a00 :
I <y 1 1000 !

. 7

S S S I U S S—— YT
1 10

Tipe, € (RS}

Fig.1Z2 Relation between penetration and pump

speed

25 —__—l
o
o o
% fEC)" =
=1 2
=
- M
D 15 F g
IO
2 o 3 8 @ a A o @
e ! | I
0 | ' T 600 rpm
’.d;]- 5 F 1 ) o 300 :'
| 11000 5
D S N — M S re—r e e—
Q.0 0.5 1.0 1.5 2.0

Time, t (@g)

Fig.13 Relation between spray angle and pump

speed



04 BE g =7 EHE TRl 23 pFE 21

100 200 3000
Diametsr, D( s m)

Fig.14 Droplet size and axial velocity correlation at various pump speed(z=100mm)

5 3
3 "oy
B =
: a
= =
2 )
40 (J : 600 rpm
) : 800
<» . 1000
O O
O 2 4 & a 10 Q 2 4 6 8 10
(El) D3z (b) D"

Radial direction, r (mm)
Fig.15 Distribution of S.M.D. at various pump speed



22 TeT - A&
ZAA ZAA 100um ©]3H7F tjEolctk
2) Sauter HTUAY BE¥E 25 AHG Y

A o FEE

ter B HEE Hel A3

5 FHFE A dHo] FHEE A
= sﬁaﬂﬂ djgfA & £=& 7FAL /1T

=T 482 HdsEa

3)

4)

59) Z7bo] BE 44 Sauter
Aol A AFel B
A Z7hgy

ol

1. Varde, K.S. and Popa, D.M., “Diesel Fuel Spray
Penetration at High Injection Pressures , SAE
paper 830448, 1983.

. Bower, GR,, Chang SK, and Corradini, M.L.”

Physical Mechanisms for Atomization of a Jet

opray - A Comparison of Models and Expen-

ments , SAE paper 881318, 1988.

Hiroyasu, H. and Arai, M., “Fuel Spray Penet-

ration and Spray Angle in Diesel Engines’

Trans. of JSAE, Vol 21, pp.5, 1980.

Hiroyasu, H., Kadota, T. and Tasaka, S., “Study

on the Penetration of Diesel Spray , Trans.

IR

Hol ] @231 74 Sau-

AQT -

AR

of JSME, No 44-385, pp.3208, 1978.

5. Hiroyasu, H. and Kadota, T., “Fuel Droplet Size

Distribution in Diesel Combustion Chamber .
SAE paper 740715, 1974.

6. Tanasawa, T. and Hiroyasu, H., “Measurement

8.

10.

11.

of Size Distribution of Sprayed Drops by Means
of Molton Wax, Trans. of JSME. No 26-162,
pp.224, 1969

M, Fh, TE, U, TERESERD T4

—ENIBTED FESHIZDWT, HARBEmER
& #E  Vold8 Nod33, pp.1801-1810, 1982.
Azzopard, BJ, "Measurement of ij; Sizes |
Journal of Heat & Mass Transfer, Vol.22, pp.
1245-1279, 1979.

Sangeorzan, B.P., and Uyhara, O.A. "Time-Re-
solved Drop Size Measurements mn an Interrm-

ttent High-Pressure Fuel Spray , SAE paper
841361, 1984.

Fujimoto, H. and Sato, G., " Heat Release Model
Based on Combustion Phenomena”, COMO-
DIA, pp.383-392, 1985,

Koo, J.Y. and Martin, J K., “Ambient Gas Den-
sity Effects on Droplet Diameter and Velocity
in a Transient Diesel Fuel Spray , COMODIA,
pp.225-230, 1990.

Obokata, T., Hashimoto, T. and Takahashi, H.,
“LDA Analysis of Diesel Spray and Entrain-

ment Air Flow , COMODIA, pp.231-236, 1990.



