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ARTICLE INFORMATION ABSTRACT

Original Research Paper Electrospray is an atomization method which produces monodisperse and fine droplets by applying a
Received 07 August 2016 high potential difference between a nozzle and a counter electrode. Therefore liquid meniscus shows
Accepted 11 October 2016 different behaviors when flow rate or applied voltage varies in the electrospray method. Here we report

Available Online 06 November 2016 experimental study of these modes based on observation of the liquid meniscus shape emitted from the

nozzle. The formation of different modes is reported and forces acting on the meniscus in each mode is

Keywords:

Electrospray discussed. In this work classification of electrospray modes is reviewed for a wide range of flow rates,
Spraying Modes between 0 —80ml/h, and voltage, between 0-8.5kV. Electrospraying of ethanol is studied as a
Ethanol promising clean fuel for a wide range of voltages and flow rates. Formation of dripping, sibling, spindle,
Liquid Meniscus micro spindle, intermittent cone jet, oscillating jet, precession, cone-jet, multi jet, simple jet and

Applied Forces ramified jet modes are observed. It should be noted that throughout this study such as identification of

mode shapes has been done based on taking photos of electrospray phenomenon using the method of
shadowgraphy, and this method has been done by using a high speed and a high resolution camera. In
present configuration, for all flow rates, the dripping and sibling mode is utilized for all of voltages
which are lower than 3kV, for voltages between 3—4kV the spindle mode will be seen and for the
voltages which are more than 5.5kV the multi jet mode will be observed. There are the other mode
shapes for voltages between 4-5.5kV.
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Fig. 3 Schematic representation of forces on the sibling droplet in the
dripping mode, Flowrate= 3ml/h, Voltage= 2.512kV
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Fig. 4 Dimensionless droplet diameter versus bond number for different
flow rate in dripping mode
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Fig. 2 Formation and separation of droplets in dripping mode, Flow
rate= 6 ml/h,Voltage= 0.407kV
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Fig. 5 Different stages of drop formation in spindle mode, Flow rate= 2ml/h,Voltage= 3.033kV
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Fig. 6 Schematic representation of forces on liquid meniscus in the
spindle mode, Flowrate= 5 ml/h, Voltage= 3.514kV
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Fig. 7 Different stages of formation of jet in intermittent-cone mode, Flow rate= 1.5ml/h ,Voltage= 3.5kV
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Fig. 8 Different stages of drop formation in multi-spindle mode, Flow rate= 4 ml/h ,Voltage= 4.029kV
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Fig. 9 Schematic representation of forces on liquid meniscus in the
multi-spindle mode, Flowrate= 4 ml/h, Voltage= 4.029kV
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Fig. 10 One period of jet formation in oscillating jet mode, Flow rate= 4 ml/h ,Voltage= 4.029kV, Frame Rate=1000, Exposure= 95us
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Fig. 12 Schematic representation of forces on liquid meniscus in the
precession mode, Flowrate= 50 ml/h, VVoltage= 6.07kV
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Fig. 11 Schematic representation of forces on liquid meniscus in the
oscillating jet mode, Flowrate= 60 ml/h, Voltage= 5.37kV
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Fig. 14 Schematic representation of forces on the liquid jet in the cone
jet mode, Flowrate= 1.6 ml/h, Voltage= 4.53kV

Jhw (28 ¢ sbg P oS> o mbo S 3)ly 595 (S0l b 14 IS
453KV el 5y 1.6 mi/h

Sl Ysars alfaiz co b o5 53 [9] 5udlS a5 oo
Sy il bl (55 sl gy 5y G 55 ol L
IS sloce Jhd g Wb (il mb caies JuS sbce slass
alEgs mies ghyls by, c aile j5 cl cpl ol oo ialS caiae
RESRIRCIRA:

sbml Ailfiz co s o 5 by P Co o o aS sl oo )8
oo cuss i Jol> okl ld alfus co a0 wel o
hoye co Sl i Sl CaSs 58 Grzes 5 5SS
b 4 cos Alls cpl gossl s odies i egi 4y a5 Cl
asbe ailioe bl Lowe a5 o cpl & Ll 8] <l Syt S
bl 325 (g e Cor Il

> ol gosims S5 sloce 5l (S oyls slag s 15 s
Sgys0 il a5 jsblen WiS e pgal 4 guman lad S o )
S CS o Sgz o e S 5 00g ey Seews & GHIS (595
Lo )3 09290 Slilad bl (U (69,08 (B sadlge izren 2Bl
[ RS S50 50 Cor (59) 2 997 g0 s ple jsbiren 9 Sl b
axho Gy See & 53 (nl (50508 sadlse a5 S oo 5
Gymie gy e Gl Al Caz 0 gy 9590 S ilnl o dalss

D

Cxdivcw & g oolw <> -9-3
Ol iz @3l GeatS s 45 e Sl le oS Sy 4 olSn
oykd Sjgo 4 Jlw ST slras 05 it mbe (e 6551 5 cel
Cewdmly )0 a5 08 5 o ) diugy Co SO O jsods 35l 75 o lad

o gl o a5 08 S 4SS e Shkl 4 lag bl clea

299

SS &Y aiS oo pgal 4,8 S1n 5 GO ale G pSe )
A Cwond 59) ppal Tooy ORIl L e S Sag, lp ol
O b Dglie (gaiey Sudy S5 Jodo g oad pll peas (A3l p
il e alls

Slhkd ailsgs a5 lilo b cend 13 JSA" Gllas by e
s S8 50 Dglate K5, L Y 90 Ojge 4 SilEgo ol a5 il e
ade a4y Sl 5l e i, ol a5 el cpl easay cpl s aesl oo
ss7e 3l ey Slla8 b 6l oo L5l (G360 g Sl Cod S s
g Aok, ol (A2 g 0 cud i s Kigh o0 Bymie L &)
shls (s oY lply Weboe @9 S, SLS (2B aY e
@ Glesl 5y ol ol b adliee () Y @ o st S
Ois 4 (505 5 Vb Saos ay by e slel (S xSl (55 Gl e
load oS Cr 5 by yie g il (8 rizren S e gy hles
S Bise B3P e 5l (S bl I A6 sleg e cleas o
5 0)late y0d,ly (sog i crm Jobs ol Clle () iala Jdo 0sd o0
el 0a 00, S pgai 4 14 KA 0 a5 sl e b cx

G &y GRS (Goy gdige oo "4 ST 0 a5 jsbilen
S & o] Gl 5 Cr ES > gz 5 5 ol S5 5 008 Ol
O 0aniS b j S ) g (raw (2851 (A slag e Bl oo by
Jolas poe 5 8 4T g 0T Ll oS e cilliee b oo & gle
Sk b oo )b 5 (A6 s (G g (S slacdl s ple o)line
1 RS I wlilas o) cde 4 )bl ead o (LS
385 S Glgies posle plo 4 il JobS 0 oo b5 00 S
el g ooy Sl Jola o K0S, b lag o5 aled g e cor b
Wb eo el 5l S cnl JelS (5l

slus co odl>-8-3
Afas co A 4 bas bypw co cdlo Jlel 5Ly mal3dl b
o 4 85 by yFe Lo Sl 3 35290 by P a5 G5k (po 58 e
Jeas ol e o aw b g0 4 oy ead Synie s el
lhad 4 ouds 09 c]a.w o~ MalS é{La oyl cll> Q.g| PRIRRT
a5 35d e obml g (2o slead G, SET sl slaby e
lal jo alfaz co cdb S o lan JeS ol 5l (S50 sloce
il S o0 395 @ sylly S8 5l IS L asd; axd, 5 009 bl

bea 009..\.3 f\,.g)lo G’osjmw U‘ L J(S’LQLS’Q 4 Sgdome cJl>

1500um

Fig. 13 Cone jet mode, (a): from shadowgraph, (b): from light
scattering, Flowrate= 2 ml/h, Voltage= 4.63kV

& gl oS Jualo 1(B) (5155 4ol Juol 1(a) oo e i Ul 13 S
4.63KV el 3ds 2MI/h Sl o0 58 G2y s,

11 o jlost 16 053 1395 yoig sy 0 SilSe s Sie


https://dorl.net/dor/20.1001.1.10275940.1395.16.11.52.5
https://mme.modares.ac.ir/article-15-12392-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-25 ]

[ DOR: 20.1001.1.10275940.1395.16.11.52.5]

Ve 9 &S yuw Ylo jy Oled ) Sumw

J93U1 Saolia 39 3ud g pisdl sy (53 )Sdos sldclls (9,55 saalloe

e %
Fig. 16 The other modes, Flowrate= 250 ml/h, (a): Simple jet,
Voltage= 3.92kV, (2): Oscillating simple jet, Voltage= 6.01kV, (c)
Ramified jet, Voltage= 9.66kV, Random spray, Voltage= 12.81kV.
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Fig. 17 Schematic representation of the most important forces for each
mode shapes
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Fig. 15 Schematic representation of forces on the one liquid jet in the
multi-jet mode, Flowrate= 1.6 ml/h, Voltage= 4.53kV
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Fig. 18 The operating ranges of different spraying modes for ethanol
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Fig. 19 Flow chart of spray mode in electric field
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