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Abstract
This paper is an experimental study of the primary break-up induced by an ElectroHydroDynamic actuator. Ex-
periments have been performed on thin sheet of commercial diesel oil without active surface agent. The flow rate 
and the liquid sheet thickness are similar to the ones used in turbo engines. In conventional injectors the disinteg-
ration of liquid sheets or liquid jets into required droplets is mainly controlled by a centrifugal or a high-pressure 
injection or a shear air flow or any other form of mechanical disturbance. In this article, the atomization is ob-
tained by using only electrical forces. The liquid sheet is stable when the EHD actor is switched off. Investiga-
tions on the primary break-up characteristics have been made with a high speed camera on the break-up length 
and on the spray cone angle.

Introduction
In industrial air blast atomizers, the fuel is injected at low pressure through an annular slot. This produces a 

tubular sheet of fuel which is disintegrated into droplets by two coflowing airstreams. Unfortunately, a high air 
velocity is needed in order to obtain a fine atomization. This is the main drawback of air blast atomizer.  With an 
air velocity below 30m.s-1 the atomisation is too weak for fuel ignition. This problem could be encountered in 
relight ignition at high altitude, where the pressure and the temperature are very low. When the air velocity is 
below 10m/s the sheet of fuel is not sprayed anymore.

In order to limit this drawback two approaches are developed. The first one is based on passive methods. In 
this approach, the study and physical  understanding of break-up mechanisms are employed to optimize both 
geometrical parameters and fuel properties.

The second one is focused on active methods. The aim is to induce or excite the sheet instabilities by using 
actuators. Some actuator as plasma actuators are used to act on the air streams[1]. Some others as piezo-electric, 
ultrasonic actuators act directly on the liquid sheet.

In the present work, the sheet of fuel is directly destabilised and disintegrated by an electrohydrodynamic 
actuator.

A lot of studies have been performed on fuel  electrospraying.  The first one have been made on simple 
pressure  atomizer  [2].  These  studies  have  been  completed  and  modelized  by  Shrimpton  [3].  It  has  been 
demonstrated that the maximum injected charge density and then the size of droplet diameter is limited by a 
corona discharge surrounding the liquid jet as it emerges from the atomizer. Some studies have also been made 
on pressure swirl atomisers. The electrical forces are superimposing to the mechanical forces in order to improve 
the atomization.In this article a new method is proposed to obtain the fuel atomization of the liquid sheet in air 
blaster atomizers even if the air velocity is equal to zero. Atomization is only due to electrical forces produced 
by an electrohydrodynamic actuator.  As there  is  no coflowing airstreams and as  the fuel  is  injected at  low 
pressure, the liquid sheet is stable when the EHD actuator is turned off. Investigations on the primary break-up 
characteristics have been made with a high speed camera on the break-up length and on the spray cone angle.

Experimental setup
In industrial air blast atomizers, the fuel is injected at low pressure through an annular slit. Such device 

produces a thin turbular sheet of fuel. This shape is very efficient for atomization but difficult to investigate. 
More than a decade of studies in atomization process has proved that mechanism of disintegration are similar on 
cylindrical and planar thin sheet of liquid.

In order to facilitate observations, the present study has been made with a planar injector. The liquid sheet is 
generated from a linear slit injector which is 0.3 mm thick and 60 mm long. The sheet velocity is ranging from 
0.5 m/s to 2m/s. 

The injector is made of PMMA which is a transparent dielectric material. The EHD actuator is placed at the 
injector lip. It is mainly composed of a stainless steel blade with a radius of 7 µm. The blade is connected to the 
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high voltage. The high voltage is supplied by a power amplifier TREK (±30 kV, 20 mA, 20 kHz) and a TTi 
waveform generator. The slew rate of the power supply is 400 V·ms-1. 

The  liquid  used  is  commercial  diesel  oil.  This  is  a  dielectric  liquid  with  a  slight  conductivity.  The 
characteristics of this dielectric liquid at a temperature of 20 °C are close to the kerosene ones and are presented 
in Table 1.

Fig.1 shows a schematic diagram of the experimental setup. The fuel is pumped from a tank to the injector. 
The flow rate is controlled by the pump. Inside the injector a surge chamber smoothes out the turbulence of the 
fuel. Then the liquid is pushed through the planar slit.

   
Figure 1. Device

Results and Discussion
It is well known that a conductive liquid can be fully atomized by electrical forces. Most of experimental 

studies on electrospraying are performed with conductive liquids. The problem is more complicated in the case 
of dielectric liquids especially because it is more difficult to inject an important quantity of electric charge in the 
liquid core. For this reason, most of studies on dielectric liquid atomization are performed at very low flow rate 
or by superimposing a mechanical disturbance. In this work, it is proved that a thin sheet of fuel can be atomized 
by the new EHD actuator. Electrical forces induce the breakup of the sheet without any additional forces even if 
the flow rate is equal to the one used in industrial injector. Typical front views of fuel sheet photos are presented 
below. The injector lips are visible as a black line on the top. The liquid velocity is 1m/s. The surrounding air is 
at rest.

      
               a) 0Hz      b) 100Hz        c) 500Hz          d) 1kHz

Figure 2. Front view of a sheet of diesel oil without electrical excitation (a) and with an AC signal of various 
frequencies (b-c-d)

The sheet is stable, when the EHD actuator is off (Photo a). When an AC signal is applied to the actuator, 
the sheet of fuel is atomized by electric force. The higher the frequency is, the more numerous the droplets, and 
the smaller the droplets size. (photos b. c. d. e.)
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Table 1. Typical Characteristics of the Diesel Oil at 
20 °C

Mass density ρ [kg.m-3] 850
Kinematic viscosity ν [m2.s-1] 4.3·10-6

Electrical conductivity σ [S.m-1] 1.15·10-9

Relative permittivity εr 2.2
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