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Numerical simulation of two-phase flow within an effervescent atomizer using
volume of fluid model
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ARTICLE INFORMATION ABSTRACT

In the present study two-phase flow within the effervescent atomizer has been simulated by the volume

of fluid interface tracing model using 0.08%, 0.32%, 1.24%, and 4.9% gas-to-liquid mass ratios and
0.38 L/min liquid flow rate. The purpose of this simulation is to study two-phase flow regimes within
the effervescent atomizer and their effect on the atomization quality. This study also considers the gas-
liquid interface instabilities in different two-phase flow regimes inside the atomizer. The
compressibility of gas phase, which is not considered in previous researches, is included in this study
with the gas-to-liquid mass ratios of 1.24% and 4.9%, due to the high gas phase velocity in constant
liquid flow rate and high gas-to-liquid mass ratios. The effect of gravitational force is considered in all
simulations. The results of the simulation indicate that by increasing the gas-to-liquid mass ratio, the
two-phase flow regime inside the discharge passage transfers from bubbly flow regime with long
bubbles to annular flow regime. In addition to decreasing the liquid film thickness coming out from
discharge orifice (during transform of the flow regime from bubbly flow to annular flow), the liquid
interface instabilities increase in the annular flow regime and segregated ligaments from the liquid
interface become shorter, thinner and more unstable. This type of regime is the most efficient flow
behavior for the effervescent atomizer.
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Fig. 1 Dimensions of the simulated atomizer

5 ab old cubrs (soue gilvand mls vwioe jshis 4
Jols mls b g auloee alize GGLR (gly adss a3, 51 5YL 3mm
el o0 gl [11] (Ken 5 od lawgs ool vy (025 Jgo,8 5]
eSlon o 1 5 503,90 e 53 e b Culid (55 Seslusl sl
T 64 GbSo 4 azg L) cuslio Gloj o5l ;0 ol ez S Jsb
> GLR=0.08% (sl walss shzme 5l 03ar Jol5 @os 5l o (G
&y 0.06-0.085 loj o3b ,o GLR=32% (sl 0.08-0.1s b oL
Sl o3b ,3 GLR=4.9% (I, 4 0.023-0.0255 Slsj oL ,o GLR=1.24%
Soge @ ol ool aal, a5 ogb e b S Jlo; (nSiles (0.008-0.01s
el () alal,

n
1 Z:’;l aiAxi
b= tl);mj( . &)

olass N dss asjg, 51 YL 3MM o ale wld Cwlies b (5) abally o
9 abhie jo b s sl m & Ut Sboj o3l jo Sl slepls
ool @l 3 S8 Jagad il Ul o 5 ol paz S t 5 5l
a3 oo lis 1) rwions
ot Tl b 3l IS b aglia b g & UK Jlogei ¢ ax5 b
skGLR Loj..azc ols (gamgs (siluand il oS 598 o ouslive
B b s bl el 16% 51 25 o sllat sy &5 oo

ol (5 5losdds 0 4B, G sloJaw (Saal)5 51 S aS o)l o5

Ol Ohee (G395 S 095 (B8 ndueST Sl o) ok &

5 005 mNLeSly (2,8 b e GLR=124% (ol 5315 j5lesl ()50

Lz oyso & @mli s J> ol 0o piieSTi B3 Lo 5 0%
ol 00l anolae o2l

oo (65w Hplesl ol 1 S

Gk 31 3 doles .l 515 5B a4 by e 122 g mols 5B 4y bgype i=1 a5
“dles ol sdise baye lajlh ez S 4 gl 5 By el
2
p= z aipi
i=1

2
u= Z il @
i=1

i =1ss
-‘4-“’5-’ ol .)Le‘».m.u 4.«».“:5.:4 Ls‘?r.'a.-u L_gj).u)l ‘571.]4-4 MJ;\A 6‘].!
A.9% §1.24% GlGLR (s, .zl ons solizwl [20] ) 1Sen o JacS
Bl 5 0595 5 G pdpSTs S0y 58 20 (@ Y 4 4z b
oot 43,5 i LGLR dad ;o 55 22315 so,m S Lo Ceul oud

Tl mw como § 4l 3 Bl (w93
Js Bllas o x4l LSl aSls 5l o35 5 last (gunasias gl
Cbrs bl omiw jliel sliw aSul 4 4z g5 b .cl ool oolaiul 2
-4l olaws gl 9 GLR=1.24% (gl o,lo 13 adss a3, 51 YL 3mm
seboled ol e, 3 JSS 3lke 160000 4 80000 40000 20000 (sl»
Slwbre Jolo olass b oSty o il el jasin 3 S5 5l &S
Jslw 80000 L aSliis ol oy aiiid Gudoio o 5 L-.t].fu 160000 5 80000
Bl by sam slassloans gl Jitue aSid plie 4 (Sl

R R R R RRRERRS

Fig. 2 meshing strategy in different parts of effervescent atomizer

7 olosb 17 055 1396 Mo s )de Suilse wiie

S8 nlesl Galisee glaciond o (ganaSl g, 2 s

62



©ILasl Lo ) 3ezxo 9 H)ISS o3l jule 1))

Jlw ez Jdo SaF 43 155 ) 5aledl A1 $5B93 Yl 33s G lwdsuds

@ o g $1,1-4
Slme g LIS alaize ;5 (3695 by Slaw), 95 owrn s &
o S (6loy5lS pleil Sl eaishiz B gyl b o] bl 5 adss
C P g ey BB lagley 5o 9 IS S Rlest (998 55 39y
ol 4.9% 5 1.24% 0.32% 0.08% sWGLR (l, 8 b5 la ISt 4o
Slo,gils m1SGoy sl S 5l SO je 0 iz e el 0als ooy
S)ls 039, S a8 Sy sl eadss slime 090 39 S sz S
ol a0l LiS 55 w0 gl oo |yome )

@ 039y G B o 9 by S LB LS Gl So 4 azg L
0y oo S5 L3s aldie (1950 s3lss lyr S ol mbo 5B g0
4 Al o555 B g 0gdoe Colar s Gl S @ o 50 4 &S
S0 Al Ay ] 0wl loj CisdS I ey cooliiul 5 )50 GLR
el 0 oy el (0.08%) 1yl GLR ay bogy e o5 5 US4 il
@ 0.08s 5l as lojl5 jnlesl alss lme 500 il Glyz G
S slaole ol wlge 0 Sk g 0asS slacls b ol ©)50
Wigdso ol S Gl g e ghie g )3 qile o (RO sl
Jelsd 5o K08 Bob 5l ad valss gl il Sgup el ST 93 s a5
2 5 008 Jual gle 56 b Lles 2o alis o o Jlsie Ol 90 o
Czge ol (e 45 o5 walss e ys o Sl ol (el Sl S e
S50 ol 4 azg bl sele exigde B pel Gab SIS e
Wb S 5 ke b 5B (sayz (@0 Jlake ST A 09d oo (S
5 Laled g o0t 4nlS alss (gl 4o ond LS5 sl Sanis |
Dyge ol 0 aish el 555 slacle Sjso 4 Gul s slags
S slacle Jlse zor Jds 4 ol w5y ol 5l del> sl
oy sy bl s

4y L35 aliios 5,0 ol > 0.32% 4 GLR Lili3l L 6 IS o
e Al glome po el e Spbie 555 5B de Ce e s
0,065 s305 CubiS 5l Ly Laled 5 00 Lo o 4 00piS glal
ot osbioe had sl 0l a4 ki Glime 90 3Bss Gl
el adss glime ;o (gl by 4 00iS ola b ol b
whbd 0D S5, s mbe ahaiie a5 Cuje L ue o 4T 0l dalss
O mle sosy go> Fl 0 Jol> el Gog CSIESe e ISt
JE Gl w3y ool 5l del gl a0 09h 83 5 ol
g aolgS gl (6 el 455 (6 ome

U5 Loy 8 57 slaSs ,o 4.9% 5 1.24% & GLR sy iyl L
5 eSS slime 53 5 99b o0 JUA 531 5B ey LS alaisre x>
o 03,28 oo gy Ceams 4y 2ty qule 518 ¢35 56 gy Ltal3dl 1 4o
4 IS8 Jlages 50 o8 jsbplen wad JSA5 pole pld Calis axiiyo
b oo ualS s ools las 58

e olid Culies Il o @ S Jfogas bl GLR laie Ligl3dl b
cod bssil> 4 ol Sl ol w, JWsl cde 4 (GLR=1.24% b
oSl s 4 9% 4 1.24% GLR 5l Js 08 e Iy LilS s
S9zg gle phd Culid ol )0 Glaiz s ol (b w3, oo
sk r:-’L GLR jlaie yiin (lal3dl sil> 0l yz w23, 5o ably )0 o)l
s aless ygusl fesl A] 3 Sgugs o

w3y 0% 58 5 wbe jls S i mhaw ()lubl ppilSe (o S
Pl cnl e amlie 5 0315 ) plesl addss sliame (19,9 ol Ok >

63

1
T

08 f 1
------- 19534 Y
06 L ==== 40149 |- f
— - —- 80903 [ 4
04 + 160016
-
02 | N
~, [
. ’_
. b fa Tl
-1 -0.5 0 0.5 1
x (mm)
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