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Identification of Internal Flow Pattern in Effervescent Atomizers
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Abstract

An experimental study was conducted to examine the internal flow pattemns inside the mixing chamber of
effervescent atomizers. The mixing chamber has the rectangular cross section (8mm x 2mm) and made of
transparent acrylic plate for flow visualization. The parameters tested were the air/liquid ratio (ALR),
injection pressure, and the nozzle orifice diameter. Three different flow regimes were observed; bubbly,
annular, and intermittent flows. In the bubbly flow regime, the discharged mixture was disintegrated into
drops through the bubble expansion and the ligament breakup. On the other hand, in the annular flow regime,
the liquid annulus was disintegrated into small drops by the aerodynamic interaction between the phases due
to the high relative velocities between the gas and the liquid. In the intermittent flow regime, the bubble-
expansion/ligament-disintegration mode and the annulus-disintegration mode appeared alternatively. The
correlations representing the transition criteria between the two-phase flow patterns within the mixing
chamber were proposed based on the drift-flux models.
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Table 2 Test ranges
Injection Pressure [bar] 2,3,4
Nozzle Orifice Diameter [mm] 1.2,1.6,2.0
Liquid Flow Rate [g/s] 6.6 ~66.5
Gas Flow Rate [g/s] 0.01~1.5
ALR 0.0006 ~0.19
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Fig. 8 Illustration of breakup pattern change with
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Fig.9 Drop size distribution with ALR. [AP~=4 bar,
D=1.6 mm]

QIENC I

o] & &

v dEHer JER GHFg d@AAE WF
£ 100 pm o] AHe] PRMEe], BAF 9 H(Fig. 9(c)
oA E hEE 100 pm ©)3te] YALE] EAEE
o 4 otk HAF FG(Fig. )N E F FH
¢ £ FHZ 100 um o] 0|5t YAHE o
o A FH9 A H(double peak) S 7FAlE
ABEEE BoFA @k F, Fg 9b)E A7|7F A
3 ThE T RFe AF(AFEGe o & 343
7 39 detiEde] 9% e AH)o] FEIHY
2o FAY AHE AT YAEE HEY
= Zolt} orM kA AFE HL Fig 9
248 YARYE AXEER Y dde
Rolth., oA Fig. 99 71FEF< A4 100 pm
oldte] AHFe] EAA ¥ o] ofvig AH
EE2E Aoz ofF FHA YEpdTE Hol
ok oA ZEA Fig 9@)-@ANA BA FHE 4
o] 4 F 100 pm o5k AHo] AA|Epe ¥
&8 7+ 81.50 %, 98.97 %, 1000 % Z YERGL
glom ZEF] AR HAAZE 7IERF
oz WY B Be 9 F& HHFo| P
£ A8 USE 4+ Atk AIE Fg Ya)-
©9 SeHFUYAD,)e 24 82.7 um, 383 pum,
23.6 um il SMD ¥ 24z} 439.4 pm, 96.1 wm, 41.2
um ©]th

AEHR o v|He JAE AL 7IEF 9
oA B 59 FL AREE €& F WA
gt A mPale] F A4 & AHFo] EA
s, fAY AR 47 AHNE = R
F5L g477) Hojof & & & Ut

32 ZEH 5o 2M4FESY HE

3.1 AoA AwE uie go] EFH FY 2
gk uwe wPs Ao wUsy] WE
o ng3 7| 7E sAstal n P Y5& A5
7] e BARE 2 & HAabe] ¥l uw
2 E3}A WEY 2A4HFEYAE HH3 458
4 dejof #rt,

2AGESRAL 24T Y oA B
AT77 Fse fo ol AFEL FE 10
mm o448 AL 7tNE 48 dHM BF
Hoa FysYd, e AAEA B, 1
58 23 duPy] 5o AAE A8 AR
A 2AFEEH R AFE JAFHL U

oG9 2AFFYA A} ATFEL
Z2 5 mm °l8t F739 APt 5 mm ©|319
DF(gap)E FHAE AR R dE ST 3L
o nASEdME FUAE 9 opd ¢t



NAFY T WREFF AN 7B 311

ol AA F787] WEe] 10 mm o4 &
THAAG A FRFE 0F 28" g8
FEe AdHoZ FAY & UE EAo] 9l
o|& o]&s] Galbiati 9 Andreini’V= FE Y
(microgravity) 3o Ao 2 AHEFUAL mAgFE
oMo 2AREYY YL 4 A=5nA 8
At ole VAFEYeEH e A fRe AS
L EEH /5o At JFe a4 _’ﬁﬁ}ﬂ
gots HE& ouigtt olr FHo g T4
T gE 10 mm o)A 43P A= & “J’
ol TR TN wa} f-E%Ae] et
A3 ol met Hol7lFEE Bl A HA| gk v H
29 A4 FYY o] BAE 5 ) 9B
o]},

a3y ol PARRY ZAEE FPHe
2 HEErlle EAH) gtk o= 71&e A
Hgo] #Eo] &3] Wt fully developed) A+l
ol UF Afeln2 JNAFYLZH Po| T
&d Aol7t Fel fFo] S8 wuEry) A
BAMEE, &, YT &M entrance effect)’} 15 E
Bfoke Apel7t Q7] WEolth & JTEA}E
BT 2AREYA YL oy dATAR) @
ot mEA B dpdAE JAFYdezy ge
BHE 279 F2 Rt mARRoMY 2
’E}%%-"J’-‘Ml W& & dF dA5L HESF

I YTEHE I A¥H BPA5 e
%311 TR HE 24 R5%YE d&das @

o ob&? Aol EHY RS AAgE
Al AFLRRE AMESIEAT AA wZe g
ol 488 HuE Mgy e A A
7b olEl g AL 4R E A dElAE Hgo]
7Hedflok 3 old] i ERAE auwgit)
Az vAFR s # AP 2AE 7)&
9] AF ZHAEE Table3 o Ve

321 7|ZRKolM ZHEREL Ho|=H
AR AERY EARA F, J1EF)
M EREHIFALT)RY HolzAd e

Ishii"e o]&jM P} E3], Mishima 2}
Lhi®F 10 mmo]4Y AAE 1A= g8y
FHRTA E 7 TR Hol2PE AR
tl Wilmarth ¢ Ishii®¥% w4 Alzb&2e] 42 &
ol d3 22 2ANE AN AddHe)
F AAI}T UE W U} o)k X R
Helzzlo] F2o e @AY FAE =
A8 Abgel JMeshe elujstm gt olHE o
TES BF V|ZF HolxpoeZ e Z
Y &(drift-flux) R2& Ag3tn o SETEE
2 ZddA  ZA&E 4,8 FRIET
(volumetric flux) j = T3 & BAE 7z}

J .
ug=—‘~z§-=C0]+ug/ (1)

A DNA uyE SYTE $E(drft velocity) 2 A
71 A 4‘—59} B £599] xlo|2 tjen go
L

ty =ty — j &)

Co= EX WA (distribution parameter)Z A4 Ishii'9&
ZIXEFA A e 4o s,

_12-02p, [, aya .
135-035./p, /p; : A2tH=

ZIEFe Avzde T 989 4 1)elA
7ITE o RO JEFAN EXY & g A
W TE 04T AE3T j tAle] 2 Abe 2R
7l £% juj, 2 Asa

1 1
o= -1, ~—u, 4
Jf (amaxco ]-’g CO u,g/ ( )

A7E

Xu 5,99 o|gF el o] AL (Y Wilmarth 9

Table 3 List of literatures surveyed in this study
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Author Orientation Shape chaa.m;:lll Esp size Bubbly | Annular
Xu et al.*? vertical upward rectangular channel 0.3,0.6, 1.0 0 0
Lee and Lee!? horizontal rectangular channel 0.4,1.0,2.0,4.0 0 X
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Galbiati and Andreini’” | horizontal circular tube 1 X 0
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