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Abstract 
 

Electrosprays for fire suppression 
 

A continuous current with a potential ranging between 10 and 30 kV was applied 

to a single-hole nozzle for modifying the properties of the generated water spray. 

The nozzle produced a full-cone spray by injecting water into quiescent air at 

atmospheric conditions varying the injection pressure between 0.2 and 0.6 MPa. 

Back-illuminated photography and laser-based holography were used for 

recording the effect of the electrical current on spray properties such as cone angle 

and droplet sizes. Results from this study indicate that applying a potential above 

20 kV yields wider cone angles, more homogenously distributed spray patterns, 

and reduced droplet sizes than non-assisted sprays. 
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Summary 
 

 

Water mist for fire protection is traditionally created by injecting water under high 

pressure. This created smaller droplets (often below 100 µm diameter) than using 

conventional sprinkler systems. In this project an alternative, or complement, to 

high injection pressure is investigated. The goal was to reduce the droplet size and 

also increase the distribution of droplets by electric charging. This was 

successfully achieved by applying a continuous current with a potential ranging 

between 10 and 30 kV to a single-hole nozzle for modifying the properties of the 

generated water spray. The nozzle produced a full-cone spray by injecting water 

into quiescent air at atmospheric conditions varying the injection pressure 

between 0.2 and 0.6 MPa. Back-illuminated photography and laser-based 

holography were used for recording the effect of the electrical current on spray 

properties such as cone angle and droplet sizes. Results from this study indicate 

that applying a potential above 20 kV yields wider cone angles, more 

homogenously distributed spray patterns, and reduced droplet sizes than non-

assisted sprays. From the safety point of view, the current transferred from the 

spray to the impinged plate is well below the sensation limit even for the cases 

where the highest injection pressure and applied potential were employed.  
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1 Introduction 
 

 

Water mist for fire protection is traditionally created by injecting water under high 

pressure. This created smaller droplets (often below 100 µm diameter) than using 

conventional sprinkler systems. Water mist follows the air streams and is 

therefore more efficient that sprinklers for penetrating barriers such as machines, 

piping, and furniture, for example. Water mist can also be considered as giving a 

three dimensional protection since the mist fills an enclosure better than larger 

droplets, and also stays suspended in the air for a longer time. Smaller droplets 

also leads to more efficient gas cooling and radiation protection due to the larger 

surface to volume ratio of the smaller droplets. In this project an alternative, or 

complement, to high injection pressure is investigated. The idea is to reduce the 

droplet size and also increase the distribution of droplets by electric charging. 

 

The effects of electrical currents on the formation and behaviour of low-pressure, 

full-cone water mist sprays were experimentally investigated. Different methods 

have been used previously for similar applications, e.g. for spray painting [1, 2] 

and for injectors in internal combustion engines [3, 4]. 

 

A direct current was continuously applied to a metallic single-hole nozzle 

atomising distillate, normal and salt water into atmospheric air. As a consequence 

of the electrical current applied to the nozzle, the ejected jet was positively 

charged leading to a modified atomisation process with charged droplets that 

disperse radially inside the spray plume.  

 

The properties of the resulting spray were studied by laser-based and traditional 

optical methods, using holography for estimating the size of the droplets and 

back-illuminated photography for determining the cone angle of the spray in the 

vicinity of the nozzle exit.  

 

In order to study the dangers associated to electrically loaded droplets impinging 

on living beings and sensitive electronic equipment, the electrical current 

transferred from the droplets to a grounded metallic plate impinged by the spray 

was measured for all the experimental configurations. 

  

The experimental matrix included different injection pressures and applied 

potentials.  The injection pressure and applied potential were varied between 0.2 

and 0.6 MPa and 10 to 30 kV, respectively.  
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2 Experimental set-up 
 

The experimental set-up consisted of an electrically insulated and pressurised 

water reservoir delivering filtered water to a single-hole spray nozzle through a 

pipe built by insulating material. This was found to be the most suitable setup for 

injecting water for the given nozzle and injection pressure range. An overview of 

different charge injection systems can be found in the book by Shrimpton [5]. The 

nozzle was placed inside an electrically grounded cage and was held by an 

electrically insulated holder. The direct pole of a direct current power supply able 

to deliver up to 35 kV and 10 mA was coupled to the nozzle while the negative 

pole of the supply was connected to the common ground, guaranteeing a common 

ground for all the experimental apparatus. The nominal water flow through the 

nozzle was estimated to be 1.18 g/s at 0.4 MPa. 

 

An insulated metallic plate placed normal to the spray axis and 270 mm 

downstream the nozzle exit was coupled to a grounded ammeter. An ammeter was 

connected between ground and the plate to estimate the electrical current a person 

or electronic equipment would be subjected to in case of being impinged by the 

spray plume. 

 

A sketch of the experimental set-up showing the atomisation and electrical 

equipment is depicted in Figure 1.  

 
Figure 1. Sketch of the experimental set-up showing the atomisation and 
electrical equipment.  
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Figure 2. Holography set-up showing the optics needed to produce a collimated 
and coherent beam from a double cavity Nd:YAG laser. 

The droplet sizes of the spray were estimated using holography. The experimental 

set-up consisted of a collimated and coherent beam sent to the CCD chip of the 

camera through the spray plume. The laser sheet was generated by the second 

harmonic of a double cavity Nd:YAG laser with a power of 200 mJ per pulse, 

reflected on the first surface of a quartz blank and attenuated using a pair of linear 

polarisers before being expanded using a concave lens with a focal length of -

100 mm and a convex lens with a focal length of 600 mm. The beam was then 

reflected into the CCD of the camera using a dielectric mirror with a peak 

reflection centred at 532 nm. 

The cone angle of the spray was estimated using back illuminated photography 

consisting of a conventional light source and a Fresnel lens for collimation of the 

beam illuminating the spray plume.   
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3 Description of tests 
 

The experimental matrix included variations in injection pressure and applied 

electrical potential that were varied between 0.2 and 0.6 MPa and from 10 to 

30 kV, respectively. Water with three qualities was used during the experiments: 

distillate, normal, and salt water. The latter ones had a salt concentration (in 

weight) of 0.002% and 0.4 %, respectively. 
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4 Results and discussion 
 

4.1 Measurements of electrical current  
 

Measurements of the current transferred from the droplets to the impinged plate 

are shown in Table 1 to Table 4 for the three employed water qualities and 

experimental variations. 

 

Table 1. Current measurements through both circuits using distilled water and a 
constant injection pressure. 

P [MPa] V1 [kV] I1,nozzle [mA] I2, plate [µA] Water 

0.4 10 0.016 < 0.01 distilled 

0.4 20 0.038 0.23 - 0.26 distilled 

0.4 30 0.064 0.70 - 0.74 distilled 

     

Table 2. Current measurements through both circuits using distilled water and a 
constant applied potential. 

P [MPa] V1 [kV] I1,nozzle [mA] I2, plate [µA] Water 

0.2 20 0.069 < 0.01 distilled 

0.4 20 0.100 0.23 - 0.27 distilled 

0.6 20 0.109 0.29 - 0.34 distilled 

 

Table 3. Current measurements through both circuits using normal water and a 
constant injection pressure. 

P [MPa] V1 [kV] I1,nozzle [mA] I2, plate [µA] Water 

0.6 10 0.88 0.11 normal 

0.6 20 1.82 0.40 - 0.42 normal 

0.6 30 3.00 0.95 - 1.25 normal 

 

Table 4. Current measurements through both circuits using salt water.   

P [MPa] V1 [kV] I1,nozzle [mA] I2, plate [µA] Water 

0.6 10 10 0.12 salt 

     

     

Table 1 to Table 4 corroborate that the applied potential to the nozzle yield a 

plume of electrically charged droplets and that the current transferred from the 

droplets to the impinged plate is generally small and orders of magnitude smaller 

than the current applied to the nozzle. The data shown in the tables exemplifies 

the relation between the current applied to the nozzle (I1), the current transferred 

to the impinged plate (I2), applied potential (V1), and flow. Table 1 shows that 

maintaining the injection pressure, but increasing the applied electrical potential 

to the nozzle lead to larger electrical currents flowing through both 1 and 2 

circuits, but below 0.1 mA and 1 µA, respectively. Maintaining the applied 

electrical potential to the nozzle, but increasing the liquid flow through the nozzle 

by means of adjusting the injection pressure, as shown in Table 2, also leads to 
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larger electrical currents flowing through both 1 and 2 circuits, reaching around 

0.1 mA and 0.3 µA and, respectively.  

 

The data also shows that increasing the conductivity of the working fluid by 

means of increasing the concentration of salt in it, leads to higher electrical 

currents through both circuits. Table 3 shows that by replacing distilled water by 

normal water the current through the primary circuit increases more than a 

tenfold, and that there is a moderate increase in the current through the secondary 

circuit.  

 

Using salt water, as shown in Table 4, lead to the fluid acting as a conductor 

which in its turn resulted in experimental problems. The water reservoir and 

nozzle had the same electrical potential and were difficult to insulate from the 

surroundings and therefore the experiment was suspended. 

 

In general, it can be shown that the current transferred to the plate is well below 

the sensation thresholds of 0.6 mA and 1 mA for women and men, where the 

threshold levels for loosing muscle control for women and men are 51 mA and 

76 mA, respectively. In case of a living being accidentally being immersed in the 

spray plume under a period of time of 1 s and under the worst case scenario, the 

energy transferred to the creature will be of 36 mJ. Even though the experimental 

set-up does not comply with the standard for testing the dielectric capacity of fire 

extinguishers EN 3-7:2004+A1:2007 (E) annex C, the values shown in this report 

indicate that accidental exposure to the spray plume results in values much below 

the limit of 0.5 mA expressed by the standard. 

 

4.2 Back-illuminated photographs 
 

Figure 3 shows a contact sheet containing four photographs of the spray injecting 

distilled water into air at 0.4 MPa while the applied potential to the nozzle is 

varied in steps of 10 kV, commencing from 0 kV and ending at 30 kV, being a) 0 

kV, b) 10 kV, c) 20 kV and d) 30 kV. The images show that applying a 10 kV 

potential to the nozzle has small effects on atomisation and spray behaviour but 

increasing the potential to 20 kV and above leads to sprays with noticeable wider 

cone angle due to the repulsion between droplets.   
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Figure 3. Back illuminated photographs of the spray formed by injecting distilled 
water at 0.4 MPa into air under the following conditions: a) 0 kV, b) 10 kV, c) 
20 kV and d) 30 kV. 

 

4.3 Holography and droplet sizing 
 

For estimating the effect of the applied potential on the droplet size holographic 

imaging and wavelet analysis was used [6]. The unprocessed images, 

reconstructed holograms and images of the spatial droplet distribution are shown 

in Figure 4 to Figure 6 for a study case where no electrical potential was applied 

and from Figure 7 to Figure 9 a case where an electrical potential of 20 kV was 

applied to the nozzle. In both cases the injection pressure was set to 0.4 MPa and 

distilled water was used.   
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Figure 4. Unprocessed image captured with the CCD camera without applying 
an electrical potential. The injection pressure was set to 0.4 MPa and distilled 
water was used.   

 

 
Figure 5. Reconstructed hologram from the image captured with the CCD 
camera without applying an electrical potential. The injection pressure was set to 
0.4 MPa and distilled water was used.   
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Figure 6. Distribution of droplets calculated from the reconstructed hologram 
without applying an electrical potential. The injection pressure was set to 0.4 
MPa and distilled water was used. Each mark represents the location and size of a 
droplet.  
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Figure 7. Unprocessed image captured with the CCD camera with an applied an 
electrical potential of 20 kV. The injection pressure was set to 0.4 MPa and 
distilled water was used.   

 

 
Figure 8. Reconstructed hologram from the image captured with the CCD 
camera with an applied electrical potential of 20 kV. The injection pressure was 
set to 0.4 MPa and distilled water was used.   
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Figure 9. Distribution of droplets calculated from the reconstructed hologram 
applying an electrical potential of 20 kV. The injection pressure set to 0.4 MPa 
and distilled water was used. Each mark represents the location and size of a 
droplet.   

 

Figure 6 and Figure 9 give an indication of the distribution of droplets inside the 

spray plume as well as of their sizes. By comparing Figure 6 and Figure 9 it can 

be inferred that applying an electrical potential to the nozzle lead to electrically 

charged droplets that exert a repelling force between them. The electrical charging 

also modifies the atomisation phenomena leading to changes in the resulting 

droplet size distribution and therefore smaller droplets are produced.     
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5 Conclusions 
 

A continuous current with a potential ranging between 10 and 30 kV was applied 

to a single-hole nozzle for modifying the properties of the generated spray. The 

nozzle produced a full-cone spray by injecting water into quiescent air at 

atmospheric conditions varying the injection pressure between 0.2 and 0.6 MPa.  

Back-illuminated photography and laser-based holography were used for 

recording the effect of the electrical current on the spray properties such as cone 

angle and droplet sizes. Results from this study indicate that applying a potential 

above 20 kV yields wider cone angles, more homogenously distributed spray 

patterns, and reduced droplet sizes than non-assisted sprays. Applying an 

electrical potential to the nozzle leads to electrically charged droplets that exert a 

repelling force between them and that the electrical potential also modifies the 

atomisation phenomena leading to changes in the resulting droplet size 

distribution and therefore smaller droplets are produced. 

     

From the safety point of view, the current transferred from the spray to the 

impinged plate is well below the sensation limit even for the cases where the 

highest injection pressure and applied potential were employed.  
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