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Characteristics of the Droplet Behavior in the Overlap Region of
Twin Spray and in Single Spray
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Abstract

The objectives of this study was to investigate the spray characteristics of single spray and twin
spray in the overlap region such as mean axial velocity, mean radial velocity, mean droplet size and
probability density function of droplet size. A phase doppler anemometer was used as the measurement
system for droplet size and velocity. In case of single spray, injection pressure was varied from 0.2
to 0.7MM. Mean axial velocity, mean radial velocity and droplet size were decreased as the distance

below nozzle tip was increased.

In case of twin spray, the spray characteristics were measured by

varying the distance between two nozzles from 127mm to 155mm. In the overlap region, the boundary
of the overlap region was determined by obtaining the distribution of mean axial and radial velocity.
Droplet size was increased as the distance from nozzle tip was increased. It was found that the
distribution of droplet size for twin spray in the overlap region was different to single spray.
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Fig. 1 Schematic diagram of experimental set-up

Table 1 Spccifications of PDA

Laser wavelength (nm) %ET: 5‘::;
Shift frequncy (MHz) 40
Fringe number 35
Laser beam dia. (mm) 1.4
Beam seperation (mm) 38

Transmitter 400
Receiver 400

Scattering angle (deg.) 30

Focal length (mm)

Laser power (W) 2

Table 2 Specifications of the nozzle

MNozzle | Swirler

Nozzle Flow rate Spray
dia angle . .
type N (I/min) angle(” )
(mm) | (O
Pressre- 27 . 02U | 0.7MPa | 02U | 0.7Hh
owid noedle | 5881998 | 62 65
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Fig. 2 Mcasurement position of twin spray
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Fig, 4 Mean axial velocity with radial distance
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Fig. 11 Mean axial velocity distribution of twin
and single spray (z=150mm, P=0.5MPa)

a#a T E9H4 FER
EUdd 2 REE Qs AHe ggAHe]
et FHER/ AL FYuo e AE
o GRAEY WRAGEH Fristod whe
SirdE ARy Ui Ay dgs v o
7l Aoy A 9ok ol s Fubsk
oo v)d WA £xi= E¢AsiA g
ol o|lfr& &]A Fig. 100]4 FHFHAA Y
ZHE £ dAE S5 FAHT E g
4 9 Sxg FARRD 23 9 ad
£k @l 5 o 4 A

£33 FH9Y TN AHEY &9
g AR £ SAZ gRE A7
How Hadiy, FHIY AAZ 455
JEFe] ¢ B2 s A4 Hn FHYY
dojugl 2Ad&F dHg EAS JehiA 2
v wel £9 u&krt FHAEY FHAA
wbawgte 2 48 4oyt 4438 Z71s)
A E Al Rl ”6‘ &x7t FHEY T
Ao AaE 3 WAR A=
A A3} o} Iﬂriq'/‘} o] 24 Zre] F
DaHEE FHEAGe FARZ A4,
e Ayl 5Ud GdR Tl BT
So| =@ wARWF HAdAYE o &8 FH
%9‘191 25 A4dst Axs} Ag AU
Fig, BalgtEo]  0.5MPa, Mg a7z}
150mm, =57 Ae7t 127mmy wWe] o] Fi
T sk HitSHE Ryl % BAYH
g2 MAg A HYRETe 4% Hadz
BEXE yode daEM dEgdez vz 9
@ HHe fHe viE - BEHF wiH
SHGENMY &5 BEX7 7dPE AT
Pt

=4 A7

|¥Fd

=

=

=

L

Hi r2

=

o]

oy
w
piy

rLIlo r

_hw_q'm_x;_ar‘rr
ﬂflO—?i-\.i

112

*

AEE

EE
100

§ s A e

a r e A 4

60 e S Sy 3

[ B e

T L L A s

E o |

% 40 — ‘ & z=150mm, pitchal 27mm \§

c - e pitchu186mm

g 20 — oo zm200mm, pitch®] 27mm

= P pitch=158mm
| I ST N R NS B
-60 -40 -20 0 20 40 60

Radial distance, r (mm)

Fig. 12 Mean droplet size distribution with radial
distance (P=0.5MPa)

332 O|BEFe WHHY

Fig. 12%= $A¢8e] 0.5MPad ] § =3 A}
olg} 7+AI AvA s wA G wE
AF Avie #EE YEdt APAHe=E wE
FAAN TG a52 dH F7|7t F
dge & 4 9tk 53 Fig. 7b)¢ vlzg o
FHAAN e HA AL AFAA %Hf,—
T R27te A 455 Y BT oOF u
o ZA Z34€EL 4 9 ik LE%LJr Mg =
150mm, 29| ztA 127mm°1 Ate T3AY
A2 ¥AH] FdeF-9 Fut 7& g v
ehliar glel. ol MvtAEe =F2 7HFH o)
Aol FEZ Q% 23 P i e A
A dEE o gE u)gid

ZF AaA7t "Hi, =59 7t4e] YESrH
Aol &g W Hxyt AA Fhste Ao
FEF F34E shEAel Tdidnh Ty ¥y

o AgE AHY £5% R S5 A7) WEo
FET AH9 24 Bde] 4d FFo) X
wobA Wit A9 Gag AHer

T ORR wAR A Qe wudd 94

o QU7ol g B Bpe % BRI wAHEL
ANl BARE Bl B & Qo ol
VY WP A3 BT A3 AFo] g 20
2¥ dpE BeE 96 48 A FEA 5
AHzre) YriEme dmnAe + A% 3 %
BRe WA 2HHE A 49 @ 2R
o e gse T Ay xR BFe
Yol Agse e 4mol wA HH, o
A% 470l A ve £ A dxo] %



3RS FHLATY GURNAY A4 AF BA 1807

£z FEIAY 244 FEde A4S T
Aol ol olWu £ AT ofF 2
oz vA 2eERY weA Avdoz o
Hel 970l F7EA Bt old] W FHAY
54
o=

NE u5E =719 AqFl vad 33
Hoz FESHE A9RA 9@ #F F oA
347k MR WA RegEs wEEHe B

g% WY WEel FHEY AARDG 47
9] Y7ol v A vehtn dE AoE Kol
o ZEY FHGEE Yold 9o g
FRolAl uvehbs Az 947 SR A9 4
A3 ]l

AeA7 200mmy A$7h 150mme] A S
Bt FHI9] 44 A0l o AA Yz
ATt o GARFAA MdgAS} FHETF
qH Aol AT Anete Aukd AREA
EEEFE ZFE FHIGAN] HHELY
#oll g fFe] LA st Fobxl o
08 Helg, & nZoi BEg g u
A7t ZAAdFE NH LFFL Hady
R 7he] FHER HA] Faste ¥ 4y F
EA FEF oM dAoRe RdRce REG
4wz A2A Agsty]) WEeivh wvebx] Al
Hom dHo £x} EFo Fag AvAg
200mme] ¢ vE FEAY 947 AL g
ARy FEF 479 FHstd o & YA S
HAg Aoz FMAU. o]d] ¥ha 150mme
7 AHNY pEFA AdEEr F Ay
22 E4deo] fEHo ATHoz BU EFdu
o dAEchE oA A YAREE M
o] AY A YHE I WE g Uz
Fg A A £ U

=
5
=
=
L

A

34 T ¢ O|EEFe| MY d|I
Fig. 132 EARF#Eo] 0.5MPac] 31 % &7
rAo] 127mmd ], o|FEFE FHYY FTA
A% FAE XA GAEFe AHYAFR
¥o} o]FEFe HAHHVIEEE FEUEFFR
Hag Aoltk.  z=150mmo| A& o] F & FojlA] of
H dAdol AL W Fxaz 4HE9 v &
o] ¥5LE WAFEFo "3 q4F gA Frh

AL 4 AT ARE o] RENS FE

anbe AHe] REFS S o 23 £Ee
AL & g A AR gk E£8 z=200mmel] A

30
-—.— twin spray
— 20~ —S— single spray
=
w L
a .
o L4 . G-
10 ‘J%::‘_ ]
| ‘ e “._\_C:
L) L 8-
olo . I L 1 n { L > ole—e
0 40 80 120 160 200

Diameter, D (um)

(a) z=150mm
30
——  twinupray
— 20 —T- single spray
=
@ L
E - Fv'k:* 2
10 7 ¥¥%e,
[ t«...&\.\
L A EXY
* ey
0 ‘ 1 I L I 1 I L

0 40 80 120 160 200
Diameter, D (um)

(b) z=200mm

Fig. 13 Probability density function of droplet
size distribution in single and twin
spray. (P=0.5MPa, pitch=127mm)

e AHo JAHEE7} z=150mme] 73t}
AolEld 2 AR W go] A e

g3 glrh, ol dAAN7re] FHzhe] WA
£ gmge Rolvh. wWEA T B¥I} mAe
E A 2 3399 gAe) Age B
Agd A F =&5709 FHRE W7 E
AT A gHe] FFFe YHT FHeo] Jo
o 2EHY FFLE dHY AFTE =59 A
Goll A dolaA5£E 22 Bde] ¥ 1A iR
Y e A% 44 Fh= wREe Bad

r'ir r||r

4. 8 &

FYBAY 29 nZo] dse] ©wd BF
qFER FRFGANAY 47 AF BY 7



1308 A -z

7] $15te) 2D-PDASA AFe] &% T QAL
Z3sto] vw A 43 GEa 4L ZES

0—1 ]:_]__

(1) BUERAN A 271 UL
s pasden, RRenor yp
ghehan.

~
-

1

(@) $79 TAN Yoo HuAe Feagel
A zRdYd 2UY $EE A FYeE M
A WYY GEE FY ANEAA EE
o) ko] AHFE Molw FHDY FHAA 0
o] Tt .

(3) ¥ ¥R waA ddAe Hgk dele
ggel Al Az A AL FHGAUAA
4 H 9o

@ T =59 270 ARAESF FHFHAA
o) thdel BF 4 FFol gaAt

(5) T8 dgelMg 45 ATE =59 4
Grol 4] Mol g 23 Bl A% UF PaE
FE el o )14 s et

i

I-_TI_'E'j

|'-||I

(1) Lefebvre. Arther H, 1989, "Atomization and

L

Spray," Hemisphere publishing Co.

(2) AFF, o, AR, 199, “olFETY T
Hpze wAy BFxeEo o, A0
&3 g7 =3, pp. 179186

(3) AT, ol4E, 1988, “FAY AFEF i
2RE A oFRETY £F54d #¢
497 43 driAgs =gy, AT,
H2%, pp. 359~372.

(4) Crosby, EJ., 1978, "Atomization Consider-
ations in Spray Processing," Proceedings. Ist
ICLASS-78, pp. 435448,

(5) Brenn, G. and Frohn, A. 1989, "Collision and
Merging of Two Equal Droplts of Propanol,"
Experiments in Fluid, Vol. 7,, pp. 441 ~446.

(6) Chigier, N.A. and Chervinsky, A., 1967,
"Experimental investigation of swirling vortex
motion in jets," Trans. ASME.J. Appl. Mech., pp.
443 ~451.

() 207, &5, AT, 1994, “o|F 5 izt
ARl AAEEEH BARA B
S @ HANARH =Y, A18Y, A3
&, pp. 635~644.



