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1. Introduction 

 

Spraying a variety of liquids and spray coating is 

the basis for a significant number of manufacturing pro-

cesses in industries related. First of all, to the high-tech sec-

tors of the economy. These include sprays, intended to work 

in the plant spectral analysis, spraying photoresist, polishing 

liquids in opto-electronic instrument, the coating in the man-

ufacture of medical devices and implants, spraying fluids in 

the production of functional nanomaterials and more [1, 2, 

3] . 

For the application of polymeric materials on the 

surface of various tissues by gas-dynamic use special de-

vices for their spraying. However, the quality of the coating 

is not permanent. This is due to several factors: the disper-

sion droplets uneven spraying flame front, the external en-

vironment. To improve the characteristics of each need an 

appropriate set of measures. On improving the dispersion of 

droplets affects the parameters of injector nozzle. Optimiza-

tion of these parameters have an urgent task. To solve these 

problems it is necessary to develop effective methods of 

spraying liquids [4, 5]. 

One interesting studies revealed that the spraying 

time and liquid polymer substance having acoustic vibra-

tions in the flow [6]. Consequently, considering this study, 

it is necessary to take into account that not only the acoustic 

field generated by the piezoceramics gives results, but also 

the natural oscillations of the nozzle. Fortunately, the natu-

ral oscillation of the system is not so great as to prevent the 

splitting of the drop. 

 

2. Coherence and transfer functions approach 

 

Among the factors that determine the operating pa-

rameters of the injector process has important working pres-

sure drop and polymer properties. The main parameters of 

the nozzle can usefully be measured by a simple model. 

Nozzle design must provide a given fineness liquid spray at 

minimum pressure. This is possible when the magnitude of 

the resistance movement of the nozzle is minimal fluid in 

the channels. Therefore, the channels must be kept short. 

As is well known, the use of ultrasonic waves pro-

vides a uniform distribution of droplet diameters. Further-

more, they become much smaller. This leads to an increase 

in the quality of the applied layer. However, only the use of 

ultrasonic waves to disperse the polymer is insufficient. It is 

proposed to combine a classical spray nozzle for the gas-

dynamic method of polymer compositions with an ultra-

sonic resonator. 

In place of the beam of ultrasonic waves, when 

spraying in the fountain on the surface of the jet excited 

capillary waves. The reason for the excitation of capillary 

waves are pressure surges due to the collapse of cavitation 

bubbles. For ultrasonic fountain necessary frequency 

megahertz range. In the upper part of the fountain spraying 

liquid, thereby forming a stable monodisperse aerosol with 

an average droplet size of about 2 - 4 mm. [7, 8]. 

 

 
 

Fig. 1 Schematic view of the device 

 

 

Fig. 2 The actual device image 

When using ultrasonic frequencies over 103 kHz 

may be changes in the structure of materials, electronic ex-

citation, magnetic and electro-acoustic effect. This fre-

quency range is most often used in acoustic, physical and 

chemical methods of analysis for the study of the nature and 

magnitude of intermolecular interactions, acoustic parame-

ters of the environment studies, conformational transfor-

mations. 
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Exterior spray apparatus shown in Fig. 1, where 1 

- piezo-ceramic disc, 2 - spray nozzle, 3 - control knob, 4 - 
the tube for supplying the polymer, 5 - tube for compressed 

air. The actual image of the device is presente in Fig. 2. The 

ultrasonic generator and the nozzle located on an atomizer 

in Fig. 3. 

 

 

 

Fig. 3 Mounting the piezoelectric element around the 

sprayer nozzle: 1 - piezo-ceramic ring; 2 - spray noz-

zle 

The model of the sprayer gun was made and sim-

ulate a stream of particles. For a first look at the flow of 

the spray (Fig.4), which shows 1- application surface, 2 - 

ultrasonic sprayer gun. 

 

 
Fig. 4 Model of the nozzle and flow that is spray on the sur-

face 

 

Create a model of a nozzle with an ultrasonic reso-

nator. The result is shown in Fig. 4. The distance between 

points 1 and 2 is 30 cm. This distance is optimal for increas-

ing the spray area and the pour point of the polymer drop 

when cooling in the air stream. At this distance, the spray 

area is 15-cm. Modeled distribution of vibrational waves 

from the ultrasonic resonator, which will be distribute in the 

spray stream. The frequency of oscillation of the polymer 

flow can be from 20 to 150 kHz. 

The simulation results showed that there is a dif-

ference on the movement of particles in the middle and on 

the edge of the spray cone. In addition, the use of the ultra-

sonic resonator smoothed the distribution of the front of the 

spray stream. 
 

 

 
 

Fig. 5 Model of the nozzle with an ultrasonic resonator and 

simulation of vibrations 

 

2. Measurement system and data collection 

 

The investigation of the vibration of the ultrasonic 

spray nozzle and the cavity. Polytec 3D scanner equipment 

is used to accurately detect movements (Fig. 6: 1 – scanners 

head, 2 - object of study, anti-vibration table). Place the 

point of laser measuring devices on the spray gun so that 

only they covered the nose portion of the nozzle. Create a 

grid on the ultrasonic resonator (Fig. 7). 

 
Fig. 6 Equipment to the precise determination of the dis-

placements Polytec 3D scanner 

 

    
 

Fig. 7 Location of measurement points and the establish-

ment of the grid scanning ultrasonic resonator: 1- 

position of the laser scanner, 2 - zone, which scan 

on the displacement 

 

The experiment was conducted with several re-

plays. As a result, graphs were prepared by changing the 

ultrasonic nodes 
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oscillation amplitude at the resonator frequency. Were also 

measured natural frequency of oscillation of the nozzle ba-

ses and nasal part. Nozzle vibration frequency measure-

ment was conducted with included an ultrasonic resonator. 

The result is present on Fig. 8. 
 

 
Fig. 8 Movements of the nozzle fixed during operation of 

the piezoceramic radiator, where: 1 - X-axis; 2 – Y-

axis; 3 – Z-axis. 

  

 
 

Fig. 9 Analysis of fused polymers in structure of tissue:  

1 - the image on the cloth sprayed polymer droplets; 

2 - research object when viewed under a microscope 

 

 
a 

 

b 

Fig. 10 Investigation of the surface of a polymer coated fab-

ric. a) without the use of ultrasonic radiation; b) us-

ing ultrasonic radiation 

It was made by spray nozzle such polymers with a 

resonator. The results were obtained using a microscope Ni-

kon microscope Eclipse LV100. Exterior view of the micro-

scope and the internal distribution of the polymer in the tis-

sue structure are show in Fig. 9. It can be seen spreading the 

polymer inside, which is typical for finely dispersed fluid. 

As can be seen from the obtained images, when us-

ing an ultrasonic radiator (Fig. 10, b), polymer droplets are 

broken into small dots and there are no glue agglomerations. 

Undoubtedly, this fact improves the quality of the applied 

coating and allows reducing the polymer consumption, as 

well as the final weight of the product. 

 

4. Conclusion 

 

Studies have fully confirmed the hypothesis about 

the possibility of obtaining a more uniform flow of the spray 

when applying ultrasonic resonator. It was carried out com-

puter simulations of the spray nozzle fluid flow and oscilla-

tion frequency. The boundaries of the ultrasonic excitation 

20-100 kHz. Experimental study of the nozzle oscillation 

and generator both separately and together. A resonant fre-

quency in the 72.38 kHz was obtained. An increase in the 

resonant vibrations 5 times, which led to a better grinding of 

the spray droplets of liquid polymer. This result can be seen 

on the microscope. The thickness of the polymeric fibers 

less than 0.25 microns. The data obtained from Politec 3D 

indicate that the greatest deformation occurs along the X 

axis. This characteristic indicates the presence of a standing 

ultrasonic wave in the direction of atomization of the poly-

mers. Ultrasound and radiation pressure contribute to a bet-

ter crushing of polymer droplets, which was noted by us. 

Spreading polymer liquid occurred in the whole structure of 

the fabric material. The results can be used for the design of 

new equipment with improved spray stream polymers. 
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S. Horiashchenko, I. Golinka, A. Bubulis, V. Jurenas 

SIMULATION AND RESEARCH OF THE NOZZLE 

WITH AN ULTRASONIC RESONATOR FOR  

SPRAYING POLYMERIC MATERIALS 

S u m m a r y 

In this paper, a method for the aerosol application 

of polymers to fabric surfaces is discussed. A lot of thermo-

plastic polymer materials during application have the prop-

erty of hardening and the formation of glue lumps. This 

leads to a decrease in the quality of the coating applied. In 

view of the fact that aerosol coating is undoubtedly advan-

tageous, it required improvement. Modeling of polymer 

flow through the nozzle was perform to determine the opti-

mal application distance. The experimental part consisted of 

applying a solution of a polyvinyl chloride polymer to a fab-

ric using an ultrasonic radiator on a diffuser. Just for com-

parison, samples without the connection of the radiator were 

perform. Politec 3D scanner equipment used to determine 

deformation changes. This study has a weight for the further 

development and improvement of coating devices. 
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