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An Experimental Study of Electrohydrodynamic Atomization Modes of Ethanol
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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 20 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

Efeycvtvr%rsfréy 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= 2 ml/h,Voltage= 3.033kV
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Fig. 6 Schematic representation of forces on liquid meniscus in the
spindle mode, Flowrate= 5ml/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
3.5kV Jlael 515 LEMI/N Jlow (05 cogliie bgy5ee o 3 e JuSits Gilises o0 7 JSi

Fig. 8 Different stages of drop formatlon in multl-splndle mode Flow rate- 4m|/h Itage= 4.02v-
4.029kV Jleel 515 4ml/h s wlfais S5 Sgo cdls o o,lad LS5 dilise Jol,0 8 S5
51 aS 0ad e sl b 5l gy S Sl cpl (o aed e Fy wle] b i L > -6-3

oS 59,50 30 520 )85 i L S5 L 5 ar g e sl sled

5K s L8 pol> hegh ;0 aS YU slajlds )0 Yaers cdl> oy

S9ri b 00,5 co obml bog e leil o
okels 5y Gl boco cpl b o
4SS 6lbl sy Ll o e o 4 Y ab e
OS> 5 Car e b oce Gl ¢ Sy b Dlyhad
@ ol oad has e & )
sbise sigySae 500 b 100 &l ud
Ceows 4 0,l0in bog e sloil 5l ol S co aSepl @ Wle b

IS Julos 4 )l bles amio 315 o 4y S8 g axmio (g

‘AJS‘SA ﬁ}oa.'i 4 ‘) o)Ls.S.a » ¢)|5 ‘SLQBIU GO 4w LSL‘AS BN aS "12

;fe Coww & U"“‘)f ‘55)34‘ R o)L.:l )1.«3 as AJ;UL».D .Q}:J‘SA d.“o.‘>|.>).v
Go Sz adlioe plase bshas a0 (Sl (5555 5 009 (e
Goy 5 g dalg> o liie Hud 00pitS b callie o po cxy) 5l 35U
I Ll 595 aihioe Jlow 0095 CS > Caz 40 o)lpen (o]
Oezred ol 0 asiie Cawly Caws oacld 3l 3o oL Ol S oS >
25 Sam 09> Jo> cx bl s igw Joe Jo> o 3 cle
Jole 055 a5 05,5 o 8)ly cx 4y o ool las g Billae (535 50 3
Fig. 9 Schematic representation of forces on liquid meniscus in the
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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
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Fig. 13 Cone jet mode, (a): from shadowgraph, (b): from light
scattering, Flowrate= 2 ml/h, Voltage= 4.63kV
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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, VVoltage= 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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