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Abstract—This paper describes the comparative analysis of nozzles effi-

ciency in high pressure water vapor systems based on different operating time 

and quality of their work. These nozzles described the size of water droplet and 

convert it into moisture. Which help to manage the room temperature. Litera-

ture survey revealed an insufficient number of studies in the field of stability 

and reliability of nozzles. As, it is the strong candidate in performance of the 

humidifiers. The purpose of this work is to test and complement the results of 

the received theoretical provisions, the establishment of values of the rational 

time of operation of the nozzles. The action plan includes laboratory and indus-

trial tests. The main parameters focused here, were the contamination of the 

nozzle filters at their different operating times, the performance of the nozzles 

with variable operating time, as well as the nozzle spray torch, and most im-

portantly the quality of the injector. The cone shaped nozzle was used to test the 

effectiveness of the spray by assuming that the water torch is coming from the 

nozzle. Weight method was used to estimate the degree of contamination in fil-

ters. In this study, it was found that nozzle filters increase their weight by more 

than 45% when operating for more than 1,500 hours, which reduces their 

throughput and, as a result, reduces the performance of the injectors by more 

than 20%. In this case, the spray torch does not cover the required area, which 

leads to deterioration of the system and the appearance of micro-drafts. Exper-

imental studies have shown the need for maintenance of injectors within 1200-

1300 hours of operation. Moreover, the increase in contamination of the filter 

effects the performance of the filter. And the stability of the diameter of the 

torque torch explained by critical clamping of the nozzle filter. 

Keywords—nozzle, evaporation, filter, stability, productivity 

1 Introduction 

Mostly, air conditioners are extensively used to cool rooms and buildings. In these 

mechanically assertive devices maintain temperature by degenerating the environment 

inturn increasing the energy consumption. To lessen the environmental degradation, 

the requirement for energy-efficacious and environmentalfriendly systems for cooling 
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in summer becomes extremely important [1, 2]. Evaporative cooling, a typical passive 

cooling technique, could meet the energy demand and global climatic issues. Evapo-

ration cooling underlies one of the first-mentioned man's cooling systems where air 

cooling occurs due to natural water evaporation. To combat high temperatures in the 

warm period of the year, evaporation cooling is used, and in the cold period of the 

year nozzle is used to moisten air [3]. It has been found that at the end of the stream 

from the openings of blocked arches, effective crushing occurs, both due to the colli-

sion of the counter flows, and because of the arc of the self-oscillatory process [4-6]. 

High pressure humidification systems can supply cooling as well as humidification 

for both big and small areas precisely. As these systems use heat from air for evapora-

tion, which make them cost effective. The efficiency and life of this system can also 

be increased by little work on nozzle and filter used to moisten air. Numerous exper-

imental studies have shown that different shapes of fluid jets used in humidifier, fall-

ing into in the gas medium has different effect on quality. Under certain conditions, 

the fluid pulsation is amplified along the jet and leads to a decay of it on a drop. The 

character of the pulsating movement depends on the form of nozzle, which follows a 

jet, scale of initial turbulence of liquid in a jet, physical properties of liquid and gas 

and their relative velocity [2][7]. 

2 Literature Review and Problem Statement 

At the very initial stage of research on effect of droplet size, many calculation and 

models were introduced to study the effect on humidifier efficiency [8, 9]. That re-

lates the drop size calculation with transfer of heat and droplet size. The widespread 

application of sawing is due to the fact that during these processes, reducing the size 

of droplets, increases the heat transfer coefficient, and therefore reduces the pro-

cessing [10].Niroomend et al. [11] reported the mathematical modelling of effect of 

droplet size on humidification and cooling. They concluded that the size of drop com-

ing from nozzle increase the moist in air or increase the water production. Numerous 

works on the study of the working state of nozzles do not describe the boundary 

states, in which the nozzle does not perform the functions laid on it. Working state of 

nozzles depends on many factors that characterize the conditions of their work (the 

quality of water supplied to the nozzles, the time of operation of the nozzles, cyclicity 

of work, etc.)[12, 13]. 

Klausner et al. [14] has used a combination of a shell and tube heat exchanger in 

humidifier to give improved performance for each cycle. They also measure the usage 

of packed bed in direct contact humidification-dehumidification cycle. They investi-

gated the heat evaporation and mass transfer for the designed system and made com-

parative analysis with the experimental results [15]. The theoretical model for the 

aforementioned relation between mass transfer and heat exchange system is also de-

veloped by Alnaimat et al. [16]. Eslamimanesh and Hatamipour [17] has reported a 

direct contact humidification-dehumidification process. Zamen et al. [18]described a 

novel humidification-dehumidification system based upon direct contact for the pro-

duction of freshwater in greenhouse. They designed a greenhouse integrated system 
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that yield the required amount of energy using solar absorber tubes. These tubes are 

placed in a sealed area under the ceiling of the greenhouse [19, 20]. But there is an 

insufficient number of studies in the field of stability and reliability of nozzles. 

In accordance with theproblems, the purpose of the article is to conduct experi-

mental research with nozzles that have different developments and adoption of rec-

ommendations for maintenance of nozzles or replacement. 

3 Amis and Objective 

The purpose of experimental research is to test and complement the results of the 

received theoretical provisions, the establishment of values of the rational time of 

operation of the nozzles, in which the permissible requirements, as well as checking 

the quality of work of the elements of the nozzles. The action plan includes laboratory 

and industrial tests. In accordance with the set goal in laboratory conditions it is as-

sumed: 

1. Study of contamination of filters of nozzles with their different work. 

2. Study of performance of nozzles with change of work. 

3. Study of a torch of spray nozzles as the main parameter of the operation of the in-

jector. 

The main indicators that determine the quality of the injectors are its productivity 

and torch of the separation, the decrease of which to values below 20% of the nominal 

determines the non-customary state of the nozzle. In addition, the failure of the nozzle 

should be considered: the addition of water through a nozzle due to the failure of the 

filter and failure of the shut-off valve. To determine the operation of the nozzle, we 

determine its productivity, that is, the amount of water passing through the nozzle for 

a certain time. 

4 Research Methodology 

To conduct laboratory tests, the object of the study is a mock-up sample of the fog-

formation system. The schematic presentation of system is shown in Figure 1(a), 

which consists of the following basic nodes: a pumping station consisting of a plunger 

pump of high pressure, a pump drive, an electric motor; pressure gauge; high pressure 

pipes with fittings, special purpose; nozzles; adjusting crane. Figure 1(b) represent the 

optical photograph of the system used during the experiment. 
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Fig. 1. The header image of Laboratory installation for testing of fog-formation systems: a –

circuit,b - general view 

The principle of operation of the experimental installation is as follows: Water 

from the central path under pressure 2-3 bar is fed to a battery tank, where there is a 

mixing of water with a dye.The paint WWM (C10 / 11set4-2) was taken as a dye, 

which is completely soluble in water. After that, the mixture is fed into the plunger 

pump, which creates a pressure gauge at the output of the pressure gauge. And a mix-

ture of high-pressure pipes moves to nozzles. The general view of the nozzle for the 

formation of fog is shown in figure 2(a) and its schematic presentation is shown in 

figure 2(b). 
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Fig. 2. .Nozzle for the formation of dispersed fog in the room of greenhouses: a) a general 

view; b) schematic representation 

5 Results and Discussion 

Figure 3 shows the schematic optical photograph of the ferry filter, which represent 

the feeding of aqueous solution from pipeline to filter where the separation of the 

impurities is occurred. In this study, we consider the nozzle as a technical system 

bases on its several mechanisms that provide its normal functioning. Through the 

central portion of 2 injection nozzles in 60-120 bar solution acts on safety from the 

flow of nozzle sealing element 6 of the valve 5, as shown in the figure 4. Liquid, 

having fallen into the internal volume of the central part, under pressure is fed to a 

calibrated nozzle-4 head by droppingpressure at the output of the nozzle-3, simulta-

neously, the liquid is dispersed into small particles of fog. At this point, the torch of 
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the formed fog can reach up to 3 m distances from the nozzle. Since the productivity 

of the plunger pump increased to 450 h-1. In the same case, the productivity of one 

nozzle is 4.1 h-1 (on the way mounted 3 nozzles). After that, we put a ball of nozzle-8 

(t = 750good) crane at the end of path, as a throttle.To align the productivity of the 

pump with the productivity of 3 nozzles. A crane, a mixture of drainage hose is drawn 

into drainage. 

 

Fig. 3. Optical Micrograph of Ferry filter 

To determine the contamination of the filter, photographing of filters was done for 

both new and different developments in 4 sections (Figure 4) and a weight method. 

For photography, a Sigeta CAM-03 microscope was used, which allowed to increase 

the results of photography 50 times as compared to conventional microscope used. 

The results of photo-fixation of filters with different developments were investigated 

for the presence of white (non-contaminated) parts.  

 

Fig. 4. Schematic representation of filter photography 
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The results of photography are given in Table 1. 

Table 1.  Exampletable The results of photographing filters with increasing them 50 times 

No. of Filler 

and operat-

ing time 

picture  

1 

picture  

2 

picture 

3 

picture 

4 

1 2 3 4 5 

1 (New) 

    

2(750 hours) 

    

 2 3 4 5 

3(1000 

hours) 

    

4(1500 
hours) 

    

 

Subsequently, the degree of contamination of filter was investigated by a weight 

method. The results are given in Table 2.To implement this method, electronic digital 

scale-500 (500 g ± 0.1) were used. In this case, filters weighed with a moisture con-

tent of 10%.The performance of the nozzle was determined on a laboratory installa-

tion with the help of equipment shown in figure 5: consist of three glass flasks, one 

measuring cylinder (GOST 1770-74) and a stopwatch (DSTU7230: 2011). 

Table 2.  Results of weighing filters 

No. of filter 

(work out) 

Weight 

(g) 
Contamination, % 

1(New)  0.11 0 

2(750 hours) 0.14 87.5 

3(1000 hours) 0.14 87.5 

4(1500 hours) 0.15 93.75 

 

During the experiment, per minute flow rate through the nozzle was determined. 

The process was conducted three times on a new nozzle, repeatability. The nozzles 
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have working time of 750 hours and 1500 hours, with 3 single reposited. The results 

obtained from this part of experiment are given in Table 3. Time for system operation 

in determining the productivity was 1 minute. In this case, the amount of water in a 

glass flask was consider as the per minute flow rate of the test nozzle (QXV). 

Table 3.  Results of performance of nozzles 

Work out 

nozzles, (h) 

1 Zipir, 

ml (l / hour) 

2 Zipr, 

ml (l / hour) 

3 Zipr, 

ml (l / hour) 

Average 

value 

Novel 68(4,08) 70(4,2) 67,5(4,05) 68,5(4,11) 

750 hours 65(3,9) 67(4,02) 66(3,96) 66(3,95) 

1000 hours 61,2(3,67) 59,5(3,57) 60,5(3,63) 60,8(3,65) 

1500 hours 52(3,12) 53(3,18) 51(3,06) 52(3,12) 

 

For the transition from the minute flow of water in l / h used the formula: 

 𝑄 =  𝐴 ∗ 𝑣 (1) 

Where A is the area of nozzle and v is the velocity of water (m/s2). The results ob-

tained were compared with the nominal data of the manufacturer. 

The effectiveness of the spray was evaluated by assuming that the water torch is 

coming from the nozzle is of cone shaped. After the injector, the torch saw also has a 

cone-shaped fire, but with a smaller diameter from the bottom, which leads to a de-

crease in the diameter of the area covered and because of the appearance of turbulent 

flows and microprobes, which is harmful to plants. To evaluate the shape and geomet-

ric size of the water cone, created by the nozzle by using the scheme shown in the 

Figure 5. 

 

Fig. 5. Scheme of taking a torch print 
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For a controlled image of the torch, water was painted in colour, with WWM paint 

(C10 / 11set4-2), which is soluble in water and does not affect the process of system. 

Dyed water was fed to a white canvas located at 1 meter within 3 minutes, for nozzles 

with different developments. Subsequently, graphic treatment was carried out, which 

allowed to determine the area of water in a horizontal plane for nozzles with different 

developments. One of the main criteria of the working state of nozzles, which affects 

the work of the entire system is the change in the productivity of the nozzles (see 

Table 4). 

Table 4.  Results of a torch study S 

Work out 

nozzles, (h) 

1 Zipir, 

ml (l / hour) 

2 Zipr, 

ml (l / hour) 

3 Zipr, 

ml (l / hour) 

Average 

value 

Novel 68(4,08) 70(4,2) 67,5(4,05) 68,5(4,11) 

750 hours 65(3,9) 67(4,02) 66(3,96) 66(3,95) 

1000 hours 61,2(3,67) 59,5(3,57) 60,5(3,63) 60,8(3,65) 

1500 hours 52(3,12) 53(3,18) 51(3,06) 52(3,12) 

 

The manufacturer regulates the replacement of the filter element when reducing the 

performance of the nozzle by 20%, that is, to a level of 3.36 h-1.The results of labora-

tory studies are depicted in figure 6. 

 

Fig. 6. Performance of the nozzles by changing the mass of the filter element, and the 

diameter of the fifth torch from the work of the nozzle 

Which shows the Changing the mass of the filter element, performance of the noz-

zles and the diameter of the fifth torch from the work of the nozzle. From this graph, 

with the development of contamination of the filter growing, due to an increase in 

impurities on the filter elements of the nozzle and as a consequence of the perfor-

mance of the nozzle falls. In this case, the diameter of the torque torch begins to stabi-

lize, which is explained by critical clamping of the nozzle filter. 
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6 Conclusions 

The lab scale results of the operation of the system of water-visual humidification 

of high pressure showed that with an increase in the work of filters nozzles increase 

their weight by more than 45%, which explains the presence of impurities in water, 

while reducing the productivity of nozzles by more than 20%, which leads that poor-

quality the system's work. In this case, the torch of the scattering decreases, and con-

sequently, the necessary area of the room is not covered with fine-dispersed water. 

The manufacturer of nozzles offers a replacement of filters when dropping perfor-

mance by more than 20%. In experimental studies, it is stained that the replacement of 

the filter element of nozzles is expedient to be carried out when the system is exposed 

within 1200 -1300 hours of operation. 
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