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Interferometric Measurements of the Thickness Distribution of
the Liquid Sheet Formed by Two Impinging Jets
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Abstract

In this research, a study on the characteristics of the liquid sheet formed by two impinging jets is
presented. Using the interference phenomena of light, the thickness of the liquid sheet, which scems
to heavily affect the size of the droplets, is measured and compared with existing theoretical modelings.
Thinner liquid sheet is produced with larger impinging angle, smaller orifice diameter, and higher
azimuthal angle but the jet velocity doesn't affect the thickness. More viscous liquid produces thicker
liquid sheet. The theoretical modelings predict the same trend as the experiments but the thickness
values are overestimated at low azimuthal angles. This difference is gradually decreased as the
azimuthal angle is increased: The breakup mechanism of the droplets from the liquid sheet is visualized
by a high speed camera. The crest around the edge of the liquid sheet is protruded with the
accumulation of liquid at the end of protuberance, which contracts into a spherical shape and then
becomes detached when the stem breaks down, producing large droplets with a few small size of

satellites.
.M E

a3 Aag AMgstE 24 A9 o8 74
84 % AAHAE 2A AR = (shower head
injector)? % %5 ¥ (impinging-streams injector)®]
glen, 7HE, Az ved, BAF 9489 U9
g 9 2% 549 $F408 s, {#% F
239 PFo FEAE A E(impinging-jet
injector)”t el ol#Hm Ut FEAE A4
He n&d 5 79 AEZ M2 FESHUA,
O =9 Yo gsd AT HPEAAIE
A 2H, T AR 5 V) ¥ Aee Ui
Q) moke] oiuto] A I(Fig. 2(2), & AES
&x7 Axe HHaE Y FEE A=ZE F

« g9, Adoigi fay AATEH
** g9, Addgdn A3FA4F R
E-mail ; bskang@chonnam.ac.Kr
TEL : (062)530-1683 FAX :(062)530-1689

7bElR, dee saRE £94E AFste 949
o] HAEYN 7L HA 4% EF(fan spray)
7} Ak gk, FEAE AAHY BF 5
AL Hoay] gadeE AL A & A
5 dute] 246 g AT/t FHeH, F
& v S B HRE Aute) wide I
AEe dF 3718 AASEH HF 7R
ARzA olgHE WE od W AFEF
4¥H @7 A%rt Basir)

A& AEd o HFAEH dure] SA4¥ #
#dy A9 47 F APHY dFERME,
aute] Tz 2 o] g A7 Aute] ¥
A2 Ad 37 FFo ¥ AFY ol #¥
H}. o]&Fel oy odute] T o)
g =d 7Y oo ad g B Y dw
9w EARE AFH 7] tig =d? Fo
#3 A7k Aok

B3 Az FA T



F% Aol od YAHE
Ranz,”  Miller,” Hasson® Peck,”” Ibrahim3}
Przekwas® Fo] 93] FHREAATY, o)Lx o=
o2 e 493 d7e %A §u A9
Fd T 248 3 TaylorPe G9l2g Wey
A ARE wge], A AZF Fotd 43
off Roixl A AHE &Y g, et
28 AES £E9 Fvw shgeti, et
FAE THHLR &Feh o WYL ue
avle &Algh, Au fHo] gL WA I,
A A AHe FAE ¢ 5 g FAEe o
Atk shen®& s WL o gato of
% FAE F3%n o241 4y dutg vn
¥t Dombrowski 57 2%l T A E
o3 HAs = AL olAw, AY EHE ==

of o3 HAs= Muke) FAE W 7k A
& o) &std AgHon =g},

E AFo A= Dombrowski 5!'%e] o]23
9] g #A4E ol&3ld ¥ FE AEd o3
F4 = °““?r°1 FAE AgHer FHsld,
A F4E& ndsty, 71&9 ol ndy
= ]-LLbl‘c”“:]r. 58], o]&4Q Zddi= 1
kA FAE FAe HAMo] duk FAo] wx
' 9%E zAEY. 3, s 9udgs
o] g8t A szl oAl A BRE HAL
7158k, A4 g WAF B HAL A
=&kl

oA AR FEHE A% Ehd @5 J)&9)
rdge Ur'q’"ﬂ]' Aok A9 Q)] vl A g
A% BES 159, 9o YAl g £

A b FEHOZRE Y WRE o whuld
& d g F
- K

h ==, (1)

2 EAE, vl A5 KE 49 54 A5

A o) gr},
Ranz("’)‘—"- ‘él%k —r—%v-l BHES o]g, du oo
Ao Aol FAE hga o] &G
];‘fg =(1+2 cos fcos ¢) (2)
714, RS @vze) BAE, g F A=

Abel &2kl 12, ¢i= QFZGo)thFig 2(a) T

Aol £ B4 BY AT 215

Z). °] H& g7} 60°8t Fow 471 180°9 A
S FA7 A7lw FAC Ao

Miller®E ©] & B a3 ey e
st}

He AL

R? 1+cos?d [I—M]
1+cos?d
T He FE7e] 60° o)AMY o] A
=9 A¥mE 71A31 v}l Hasson™ PeckL
Autg Pag dFo) g ot Fgoz
L5 8y mdYL 5 e e A
£ T,

hr _ sin °¢ @
R’ (1— cos ¢cos 6)?

Ibrahim¥ Przekwas®: Naber$} Reitz7} <13
o] FESE BFo #3 dArdA ey
27] FAE olg3t9 tgy L Ay T
oe AL Aeksgdct

( Rhy/sin 6)

r

h= (5)
o7lA 27 FA hOJ‘E
hy=[7Rsind/(e’—1)]e™ ¥  (6)

ou], y= the HolA FeY.

[+l 1
wso=(E gy O
AN ANE o2 AZHEE A% T}
QN2 47, 2ED, FU] oo

AE SEshE PUse Ew oA 24X 5
Ae 48 nolRH g e o 23 gtk

2 4

0k

SE
2.1 AEEA|
= 479 A4PFAE Fig. 19 JeEPd AAE,
quE Weshs FE AR A2H, 04 FHE
B4sts B A2g R Y FHE B4,
Heste] A FAE A&z olvR] HE A



216 2 o

~¥oz A= ot

A E A FEFE Y5k, ngt Hidl 4
o vty AFEYREE AAVE KF¥AY
ul fgzds, GEAE AX s F
8t 331311'““ A 7hEE frelEA, WA
0.508, 0.8, 1.016 mmo] ™, &3] L&d Al
#4857 Sleted ZelE AAe dlah A
02 71 1524 cm® 8Hgth FEe a7
W2 (Ushio, HB-101A)°]" #®X FFo] EF
& AR3te A4 36 om W9 W& HA
@ %, 74 d4gel vEd £ UARE T4 #F
o] 577 nmQ 7+ WE] (interference filter)E o] &3}
o} @4 F(monochromatic light)e] HZF 3t
oebe] MWz FHA WA Yol o3 HA
A pATd= oD FHelekPuinix, TM-9701)8
ol &84 dm, ojux] A L2 HW(Metrox,
Inspector) & o] &3], 7hd FH AT, FE3
o2 RHe Ad & FAsUL

w, AU Fel A4 A Ege] ojufd AA
¢ ARM den Ry FIH=AE 4HEY
95t -Tl-—'r%“’é‘?]'“ﬂi}(NAC E-10)& ©| &34
olubg &oslqith & = 27 6000 T

‘N i o ﬁg

oo 2 m

L B
2 e £
1. Nz Gas Cylinder 8. Rotation Stage
9. Pressurized Liquid Tank 9. Mercury Lamp
3. Flowmeter 10. Interference Filter
4. Liquid Supply Line 11. CCD Camera
5. Flow Control Valve 12. PC
6. Pressure Gauge 13. Monitor
7. Glass Tube

Fig. 1 Experimental apparatus
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Table 1 Test conditions

Table 2 Physical properties of liquids

D 17 14
Liquid |Group _ °¢ Rej
(mm) | ) | C) |(mhs)
1 1.0 [40~70| 0O 3.0 | 3000
2.5 | 2510
2 1.0 |50, 60} 0
Water ~3.8(~3750
a 0.5, 0.8 3.6, | 2000
3 40~60 0
1.0 4.0 |~3600
4 0.8 60 [0~90] 5.1 | 4060
2.8 | 510
50% 2 1.0 60 0
Glycerol ’ ~4.8| ~900
Yo 4 | 1.0 | 60 [0~90] 4.8 | 900
1 1.0 |50~70! 0 3.0 | 340
59% 2.3 | 260
2 1.0 60 0
Glycerol ~3.5] ~400
4 1.0 60 |0~90| 4.8 | 540
1 1.0 |50, 60| O 3.0 180
68% 2.7 160
2 1.0 60 0
Glycerol ~3.6] ~220
4 1.0 60 |0~90| 4.8 | 290
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Liquid Water | 50% G | 59% G | 68% G
Density 998 | 11249 | 1149.5 | 1174.2
(kg/m®) (1.00) | (1.13) | (1.15) | (1.18)

Viscosity | 1.002 | 605 | 1025 | 19.40
(N sm®) | (1.00) | (6.04) | (10.23) | (19.36)

Surface

. ;| 72.88 | 69.68 68.70 67.72

Tension X 10
(1.00) | (0.96) | (0.94) | (0.93)

(N/m)

Refractive
1.333 | 1.3981 | 1.4107 | 1.4242
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Fig. 2 Measurement method of liquid sheet

thickness; (a) pattern of interference

fringes on the sheet (b) interference of
light rays in a thin sheet
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o o# T A FAet 7|EY )8 2d
Poll &g g vy 1YPelk. AR V)
£ ol&AlEol 4y ZAZRT P B2 #&
g Rolm dgg ¢ F Ak ol olEH %
dat A4 gAeA B}

i |

oll |}

: 4R &, olgdEe A s5ey
£=, A A #E5UE 2
fEE Asoin, A5 R F7| %A A

s B |



Fw AR o8 F4ss Ay FA B4 B A7 219

(a)
Fig. 5 Comparison of the sheet thickness with theoretical predictions; (a) photograph of the typical fringe

pattem for  £=60°, [D=0.8 mm,
prediction and by experiment
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