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This paper summarises a series of large-scale fi re suppression tests conducted to simulate a fi re in the 
big surface and/or surface sprinkling. The subject of this paper is the research on water spraying with the 
use of the Turbo Jet 2011 water-foam nozzle manufactured by Supon Białystok. The results discuss the 
pressure losses caused by the fl ow through the discharge hose, spray angle, and the intensity of surface 
sprinkling. The greatest stream ranges and the highest maximum values of the sprinkling intensity were 
obtained at the capacity of 400 l/min, and a solid spray angle. The smallest values were obtained at 200 
l/min, a pressure of 5 bar, and a solid spray angle. The actual pressures taking into account the losses in 
the hose section were calculated. As for the highest fi refi ghting effectiveness of the stream, the authors 
recommended the following parameters: semi spray angle, 200 l/min, and 2.5 bar.
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INTRODUCTION

        Fire protection is a fi eld mainly based on the founda-
tions of liquid spraying1. Fire is an element without which 
it is impossible to imagine life nowadays, but at the same 
time, it is a huge threat to people and property. During 
harvest periods with increased fi re potential, fi res cause 
millions of dollars in property damage, including loss of 
machinery, crops, and time. Injuries to farm workers and 
fi refi ghters are also an unfortunate outcome in some 
instances. The oldest traces of fi refi ghting activities date 
back to 2000 BC. At present, fi refi ghting in its broadest 
sense is much more developed than even several years 
ago. All the time, better and more effective methods of 
fi ghting fi re are being pursued. Water spraying is the key 
to dealing with fi res, but just administering water is not 
enough. An important element is also knowledge and 
tactics, as well as knowledge of the equipment and the 
ability to use it. Water is the cheapest and most easily 
available extinguishing agent, and at the same time has 
very good thermal properties, thanks to which it has 
been used as the main means of fi ghting fi res for many 
years. In the past, extinguishing fi res relied on dense 
streams produced by nozzles of simple construction2–4. 
Current nozzles used by fi re brigades have a wide range 
of possibilities, such as changing the spray angle or re-
gulating the capacity of water supply to a large extent. 
It is important to be able to properly select all parame-
ters in such a way as to extinguish the fi re as quickly as 
possible and with the least material damage5. Various 
studies of water streams produced by nozzles and their 
effectiveness in extinguishing fi res have been carried out 
for several years5–7. More and more often, the focus is 
turned towards their importance during real rescue and 
fi refi ghting operations, because such research has an 
impact on the effective extinguishing of the fl ame3, 5, 7. 
The operational and design parameters of the water-
-foam nozzle are also important from the point of view 
of the other application, e.g. applied to dust control 

underground coal minethe8, 9. Only some of the tests 
were performed on a large-scale5, 6, 10, 11. 

Water streams can be divided into two basic types: 
solid and dispersed. Dispersed streams are divided into 
fog streams and droplet streams. Each of them has its 
own specifi c range of application12. The spray pressure 
and nozzle diameter, to have an infl uence on the spray 
angle, droplet diameter, droplet size uniformity, and 
sprayed area diameter4. A fog nozzle is a fi refi ghting hose 
spray nozzle that breaks its stream into small droplets, 
its stream achieves a greater surface area in comparison 
to droplet streams13. Solid streams are streams with high 
mechanical energy. Their operation is primarily local, 
which makes them particularly useful when extinguishing 
fi res from a greater distance, where the stream of water 
is to be directed at a specifi c point or when its purpose 
is to reduce the fl ames. One of the disadvantages of this 
type of streams is the signifi cant loss of water caused 
by the fact that a large amount of it may not penetrate 
into the burning material. Another disadvantage is the 
reduction of the evaporation capacity of a large amount 
of water, which in turn reduces the extinguishing effect 
and causes stress on structural elements, e.g. a burning 
roof or damage to interior fi ttings. Therefore, solid water 
streams are mainly used to extinguish compact solids in 
the case of fully developed fi res and in situations where 
it is necessary to put out the fl ames or supply water from 
a long distance12, 14. The droplet streams primarily have 
a surface effect. They can be used wherever solid stream 
should not be used. They cover a much larger area and 
do not have such high mechanical energy, which means 
that they have better cooling abilities and water evaporates 
faster, creating a layer of water vapor in the vicinity of the 
fi re. At less capacity, they cause much less damage. They 
are used to extinguish fi res of loose and fi brous materials, 
thanks to their dust deposition capacity15. Additionally, they 
have the ability to deposit fumes. The droplet stream can 
also be used to gradually cool down hot surfaces, which, 
under different extinguishing conditions, may be damaged 
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and design parameters of the water-foam nozzle are 
very important in extinguishing the fi re, the authors of 
the study decided to conduct research to describe the 
infl uence of selected parameters on water spraying with 
water-foam nozzle.

This paper summarises a series of large-scale fi re 
suppression tests conducted to simulate a fi re in the 
big surface and/or surface sprinkling. The tests were 
conducted with a water-foam spray nozzle Turbo Jet 
2011 manufactured by Supon Białystok22. The aim of the 
work is to analyze the infl uence of parameters such as 
pressure, fl ow rate, and spray angle on water atomiza-
tion with the use of the tested water-foam nozzle. The 
nozzle is produced in two sizes, with the size 52 selected 
for the tests. This type of nozzle is commonly used in 
fi refi ghting, and its correct setting is extremely important 
for the effectiveness of extinguishing fi res. A foam spray 
nozzle can be used for precise dust control. To perform 
the experiment, a fi re extinguishing line was built, con-
sisting of a water tank with an autopump, a developed 
pressure hose and a tested nozzle. It should be noted 
that the obtained results are important from the point 
of view of the appropriate selection of settings, which 
largely determine the extinguishing effect and effective-
ness of the rescue and extinguishing action.

MATERIALS AND METHODS 

As a water tank, a medium-sized Fire truck Renault 
S170 of 1989 was used, equipped with an autopump with 
a maximum capacity of 1600 l/min and a tank of 3000 l 
(Fig. 1) (power: 170 HP (125 kW), fuel: Diesel, gearbox: 
manual/6 gears, axles: 2/4×4). The truck belongs to 
Volunteer Fire Department of Stawiszyn (Great Poland, 
Poland) and has a certifi cate of approval of the Scientifi c 
and Research Center for Fire Protection.

or collapsed. Fog streams are spatial action streams having 
a similar application to that of droplet streams, but their 
effect is multiplied in cooling the surface. They can be 
used to extinguish fi res of fl ammable liquids lighter than 
water that burn in a small area. They have the ability to 
deposit and displace fumes, which is why they are effective 
in fi ghting smoke. They also work well for extinguishing 
semi-solids such as tar, fats and waxes. Their disadvantage 
is primarily a small operating range and susceptibility to 
air movements. However, the latter also makes it possible 
to protect the person operating the nozzle against ther-
mal radiation. If the nozzle meets certain conditions, it 
can also extinguish live electrical devices using this type 
of stream. With fog streams, water losses are negligible, 
so they can be used to extinguish interiors. The use of 
this type of stream under suffi ciently high pressure will 
shorten the total extinguishing time12, 14.

The nozzles used in fi re protection are mainly used 
for spraying water. Depending on their application or 
the type of produced streams, the following types can 
be distinguished16:

– standard nozzles – small hand-operated nozzles 
generating solid and dispersed water jets, e.g. from 
a hydrant or a fi re extinguishing line,

– sprinklers and sprayers – water sprayers in fi xed 
sprinkler and sprayer extinguishing devices,

– water curtains – devices producing water curtains to 
reduce the power of thermal radiation of a fi re or to 
capture harmful substances from the air,

– mist nozzles – allow spraying to a very high degree 
of atomization, 

– mist heads – a group of several or a dozen or so 
nozzles for spraying water with a very high degree of 
atomization, they are much more effi cient than single 
mist nozzles due to the amount of water sprayed.

Nozzles are designed to properly form and deliver 
dispersed or solid water jets. We can distinguish nozzles 
for autopumps and motor pumps as well as hydrants used 
as equipment for hydrant cabinets. Depending on the 
intensity of the given water streams, we can distinguish 
nozzles of sizes 25, 52 and 75. These numbers inform us 
about the internal diameter of the discharge hose which 
can be connected to a given nozzle by means of connec-
tors, i.e. 25, 52, 75 mm, respectively17, 18. Hydrant water 
nozzle type PWh-52/D13-150 produced by SUPRON 3 of 
diameter 52 mm is used for opening, closing and continu-
ous adjustment of the effi ciency and type of water stream 
(dispersed and compact) in fi re-fi ghting equipment19. The 
diameter of 52 mm is most popular in water-foam nozzels.

When the fi re system is designed, installed and ma-
intained properly, the risk that it won’t work is very 
little3, 20. As it is known the systems (sprinkler systems) 
are required in certain types of buildings with certain 
criteria. This differs from country to another, even within 
EU countries3, 21. The fi re suppression systems should 
be acceptance tested (according to the any norms eg. 
National Fire Protection Association NFPA)2, but in 
practice, their results are often not published. It is worth 
remembering that the current literature review is very 
limited in terms of water-foam nozzles, because there are 
few works devoted to this issue and one can fi nd only 
a few works performed on a large-scale. Accordingly, 
and taking into account the fact that the operational 

Figure 1. Renault S170 medium rescue and fi refi ghting vehicle

The pressure fi re hose W 52-20ŁA/PCV by Bezalin 
was used as a connection of the fi re engine pump with 
a further measuring system. The numbers in the name 
indicate the diameter and length, i.e. 52 mm and 20 m 
respectively. The hose is resistant to weather conditions, 
low temperatures down to –30 oC and ozone. The round-
-woven braid is made of polyester yarn of high strength 
and abrasion resistance. The inner lining is smooth, 
resistant to mildew and rotproof. It is usually made of 
plastics or synthetic rubber. In the experiment, a hose 
with a PVC (polyvinyl chloride) interior was used. The 
hose was equipped with aluminum STORZ connectors, 
in accordance with the PN-91/M-51031 standard. It me-
ets the requirements of the technical conditions of the 
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Regulation of the Ministry of the Interior and Admini-
stration of April 27, 2010 on the list of products used 
to ensure public safety or protection of health and life 
and property, as well as the rules for issuing admittance 
for use of these products.

The Turbo Jet 2011 water-foam nozzle (Fig. 2) is ma-
nufactured by Supon Białystok, a manufacturer of fi re 
fi ghting equipment. The nozzle is produced in two sizes: 
52 and 75. A 52 size nozzle was used in this test. The 
nozzle is manufactured in accordance with the PN-EN 
15182-2:2020-01 standard – English version. Detail tech-
nical specifi cation of Turbo Jet 2011 water-foam nozzle 
used for experimentation is given in Table 1.

The nozzle is equipped with a ball valve. The nozzle 
body is made of aluminum rods, the handle and lever 
are made of die-cast aluminum, and the red plastic rings 
are made of polyethylene. It is designed to produce solid 
and dispersed streams with smooth regulation of the solid 
angle of the dispersed stream (minimum 110o). In total, 4 
series of measurements were performed at the following 
variables: pressure, fl ow rate and spray angle (Table 2). 
This adjustment is possible by means of a swivel attach-
ment. It has the possibility of step capacity adjustment 
in the range of 100–500 l/min and the fl ushing function. 
The working pressure is 6 bar23. The term “water-foam” 
suggests that the nozzle is also adapted to generate foam. 
For this purpose, a foam cap, specially adapted to a given 
nozzle, serves as a stirrer for air and water-foam solution.

To carry out the experiment, a fi re extinguishing line 
was built, consisting of: a water tank with an autopump, 
a developed pressure hose and a water-foam nozzle. 
These elements were connected with each other using 
claw couplings. The 20 m length pressure fi re hose 
W 52-20ŁA/PCV was used as a connection of the fi re 
engine pump with a nozzle. The hose was connected 
to the fi re engine pump at a height of 1 m. The nozzle 
determined the center of the test stand. In front of it, 

Table 1. Technical specifi cation of Turbo Jet 2011 water-foam nozzle

Table 2. List of variables

Figure 2. Turbo Jet 2011 water-foam nozzle: a) photo; b) scheme (1 – ball valve; 2 – capacity regulating knob; 3 – knob regulating 
the angle of the water stream; 4–52 mm cap)

Figure 3. Diagram of the large-scale test stand (dimensions in 
meters) for: X = 11 m for a pressure of 5 bar and 
an capacity of 200 l/min and X = 14 m for a pressure 
of 2.5 bar and a capacity of 400 l/min

27 plastic measuring containers were placed in three 
columns (Figure 3). In the experiment, transparent 
containers made of polypropylene with a volume of 29 l 
and dimensions of 390×580×180 mm were used. During 
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the fi rst two measurements (Series 1 and Series 2), the 
proximal edges of the containers were 11–19 m from the 
nozzle. For the next two measurements, the distances 
were increased to the range of 14–22 m. There was 
exactly 1 m distance between the centers of the left and 
middle columns as well as the containers in the right 
and middle columns for all measurements.

RESULTS

The conducted experimental tests allowed to determine 
the volume of water collected in measuring containers 
depending on the operating pressure, volumetric fl ow 
rate of the liquid, spray angle and distance from the 
nozzle. The quantitative information is summarized in 
Table 3. The distance X means the distance between 
nozzle and a container.

from the nozzle, the containers of each of the three 
columns contained the least amount of water. Figu-
re 5 shows a graph for the same pressure and capacity 
settings as in Figure 4, the only variable distinguishing 
these two measurements was the spray angles. In this 
diagram (Fig. 5) we deal with the volume of water in 
the containers for the half-dispersed angle set on the 
nozzle. The maximum volume of water was obtained at 
a distance of 17 meters, but at 15 meters it is only slightly 
lower (2,520 cm3 vs. 2,450 cm3). Due to the change in 
the angle: solid to semi-dispersed, a greater dispersion 
of the stream and greater volumes of water were ob-
tained in the containers of the left and right columns. 
Comparing the two graphs, a completely different water 
volume distribution in the right and left columns have 
been observed. At a solid angle, more water was found 
closer to the nozzle, while at a dispersed angle, larger 
volumes were measured at a larger distance (maximum 
at a distance of 18 meters). The water volume distribu-
tion in the right and left columns for the solid angle is 
opposite to that for the semi-dispersed angle.

Figure 6 shows a graph showing the measured water 
volumes at a setting of 2.5 bar, capacity on a nozzle 
400 l/min and solid spray angle. The measurement time, 
as in the previous cases, was 60 s. The largest volumes 
of water in the containers of the middle column were 
observed at a distance of 21 and 22 meters from the 
nozzle (4,650 and 4,450 cm3). These are much larger 
numbers than in the case of higher pressure and lower 
capacity (for 15 m – 2,000 cm3). As for the right and 
left columns of containers, the maximum volume of 
water was recorded at a distance of 22 meters. Figure 7 

Table 3. Experimantal data – volume of liquid in the tank (cm3)

Figure 5. Measurement results for parameters: measurement 
time 60 s, pressure 5 bar, capacity 200 l/min, semi-
-dispersed spray angle

Figure 4. Measurement results for parameters: measurement 
time 60 s, pressure 5 bar, capacity 200 l/min, solid 
spray angle

In Figures 4 and 5 the dependence of the volume of 
water in the containers on the axial and radial distance 
from the nozzle are shown. With the setting of 5 bar 
on the fi re engine pump control panel, the capacity of 
200 l/min on the nozzle and a solid spray angle, the wa-
ter volumes presented in the diagram in Figure 4 were 
obtained. As can be easily seen, the largest volume of 
water in 60 seconds was collected in the containers of 
the middle column. The maximum amount of collected 
water was contained in a container at the distance of 
15 meters from the nozzle. At a distance of 19 meters 
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shows the last measurement, which was performed with 
the same parameters as the previous one, but with the 
setting of the semi-dispersed spray angle. The smallest 
amount of water was measured in the last containers of 
the right and left columns at a distance of 22 meters, 
while the largest in the containers of the middle column 
at a distance of 19 and 20 meters from the nozzle. 
Comparing the graphs in Figures 6 and 7, it can be seen 
that in the second case the water volumes in the right 
and left columns were quite unequal, while in Figure 6 
a gradual increase in these volumes can be seen. The 
jet dispersion resulted in a maximum volume in the 
middle column a little closer to the nozzle than in the 
case of a solid jet. Summarizing the research carried 
out in an open space, it would appear purposeful to 
carry out such tests also in an enclosed space in order 
to avoid the infl uence of possible weather conditions. 
However, in the case of a real rescue and fi refi ghting 
operation, such tests would not be applicable, because 
it is impossible to exclude the infl uence of, for example, 
wind when providing sprayed water to the place of fi re.

 (1)

where: l – hose length (m), d – hose internal diame-
ter (m), w – average water fl ow velocity (m/s), ρ – water 
density (kg/m3), λ – fl ow resistance coeffi cient (–). The 
average fl ow velocity was calculated as the ratio of the 
volumetric fl ow rate (Qc) to the cross sectional area of 
the fi re hose (Fh).

The equation for the fl ow resistance coeffi cient was selec-
ted, suitable for values in the range 3,000 < Re < 300,00024:

 (2)

The obtained values of the fl ow resistance coeffi cient for 
the tested effi ciencies, i.e. 200 and 400 l/min are 0.0188 
and 0.158 respectively. The estimated from Equations 
(1) and (2) pressure losses (Dp) for a working pressure 
of 5 bar and a capacity of 200 l/min are 8,890 Pa, and 
for a pressure of 2.5 bar and a capacity of 400 l/min – 
29,900 Pa. Given the pressure losses resulting from the 
fl ow through the hose line, it is possible to calculate the 
actual pressure at the mouth of the nozzle. Pressure losses 
in the nozzle were neglected. Losses resulting from local 
resistances were also ignored, as the hose bends were 
minimal, and taking them into account would require 
a series of tests. The actual pressure is then:

 (3)

The actual pressure (pa) for a working pressure (p) of 
5 bar and a fl ow rate of 200 l/min is therefore 4.9 bar, 
and for a pressure p = 2.5 bar and a fl ow rate of 
400 l/min it is 2.2 bar, in both cases for both the solid 
and semi-dispersed angle setting.

The spraying intensity (Ir) is the minimum amount of 
water that can be determined by dividing the capacity 
of water fl owing from the nozzle in l/min by the given 
surface area on which the water falls. It is expressed in 
(mm/min) and described with the equation10, 11, 25:

 (4)

where: Vc – volume of liquid in the container (mm3), 
F – surface of the container (mm2), t – measurement 
time (min). The parameter of sprinkling intensity is 
one of the key parameters to determine the spraying 
process. This parameter has been assessed in weight 
and volumetric way using the measuring containers. The 
research confi rmed reports in the literature that the 
spraying intensity strongly depends on the spray angle. 
The spraying intensity defi ned in this way allowed for 
the preparation of graphs of its dependence from the 
axial and radial distance from the nozzle, as shown in 
Figures 8–11. The solid jet is a much more effective 
stream than the dispersed jet for extinguishing fi res 
from a greater distance, when it is necessary to deliver 
water to a spot or to extinguish the fl ames. The disper-
sed streams cover a much larger area than the solid 
streams. They are suitable for cooling hot surfaces, and 
thanks to the smaller diameter of the droplets, they can 
be used to extinguish fi res of loose materials or fi brous 
materials and cause much less damage. By analyzing the 

Figure 7. Measurement results for parameters: measurement 
time 60 s, pressure 2.5 bar, capacity 400 l/min, semi-
-dispersed spray angle

Figure 6. Measurement results for parameters: measurement 
time 60 s, pressure 2.5 bar, capacity 400 l/min, solid 
spray angle

Most often, the intensity and pressure of the water 
supplied to the nozzle used are decisive for the extin-
guishing effect and the effectiveness of the rescue and 
fi refi ghting operation. It depends, fi rst of all, on the 
pressure losses in the hose line, as well as on the type 
and quality of the fi re fi ghting equipment used17. It is 
usually assumed that the pressure loss in the hose line is 
directly proportional to the square of the water fl ow rate 
and inversely proportional to the fi fth power diameter 
of the hose inner diameter. For practical purposes, the 
following equation17, 23 is used:
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obtained images of the surface coverage effectiveness as 
well as the liquid fl ow rate and nozzle settings, it can be 
concluded that the sprayed surface is the most evenly 
covered for the following parameters: semi spray angle, 
and 400 l/min, and 2.5 bar (Fig. 11). Measurements were 
repeated 7 times for each condition (serie1 – serie4). 

The relative error for the experiments is 10% and is 
presented in Figure 12. The largest observed deviations 
concern the smallest values of volume of collected water. 

The tests show that there is a clear relationship between 
the intensity of sprinkling and the water application rate 
and other operational parameters. The analysis of the 
obtained data confi rms the signifi cant role of the liquid 
pressure and nozzle settings on the obtained spray jet, 
i.e. on the resistance related to the liquid fl ow and the 
intensity of sprinkling. This is an important aspect, as 
these settings determine the extinguishing effect and 

the effectiveness of the rescue and fi refi ghting operation 
eg. on the plant fi eld. Furthermore, the foam spraying 
from the foam nozzle eg. can effectively cover the dust 
sources8, 9 which will have a remarkable effect on dust 
control at working face underground coal mines. In 
the future, the nozzle can be effectively used for the 
petrochemical industry and woods fi re with several al-
terations in construction. With different variants of fi re 
extinguishing media like CO2, etc. other classes of fi re 
like chemical, electrical, etc. can be extinguished. From 
a fi re protection and control point of view, there is still 
a large scope for further development. The paper presents 
a comprehensive methodology of testing the intensity 
of sprinkling, which is important from a practical point 
of view. Large-scale tests require enormous costs, large 
amounts of liquid (500 l/min = 30,000 l/h) and therefore 
a smaller-scale test stand is planned. To transfer the 
results from large to small scale (usually the scale goes 
up, not down), you need to have them, and there is very 
little such data. In future research work, the conducted 
study will be verifi ed with simulations and tests on an 
appropriate laboratory stand.

CONCLUSIONS

In the literature on the issue of water-foam nozzles, 
one can fi nd only a few works performed in a large-scale. 

Figure 10. Sprinkling intensity for the parameters: pressure 2.5 bar, 
capacity 400 l/min, solid spray angle

Figure 9. Sprinkling intensity for the parameters: pressure 5 
bar, capacity 200 l/min, half-dispersed spray angle

Figure 8. Sprinkling intensity for the parameters: pressure 5 
bar, capacity 200 l/min, solid spray angle

Figure 11. Sprinkling intensity for the parameters: pressure 2.5 bar, 
capacity 400 l/min, half-dispersed spray angle

Figure 12. The relative error in percent



48 Pol. J. Chem. Tech., Vol. 24, No. 2, 2022

The nozzles should be acceptance tested, but in practice, 
the results of experiments are often not published. This 
paper discusses the research carried out to describe the 
effect of pressure, fl ow rate and spray angle on water 
spraying with the use of the Turbo Jet 2011 water-foam 
nozzle manufactured by Supon Białystok. Four series of 
measurements were made by spraying water from the 
nozzle and collecting it in properly arranged containers. 
Two measurements were made at a pressure of 5 bar and 
a fl ow rate of 200 l/min. They differed in the spray angle, 
which was set to solid or semi-dispersed by means of the 
head on the nozzle. The next two measurements were 
made for a pressure of 2.5 bar, an capacity of 400 l/min 
and, respectively, for the solid and dispersed spray angle.

On the basis of the measured volumes of water in each 
of the containers, the values of the sprinkling intensity 
as well as the pressure losses caused by the water fl ow 
through the discharge hose were calculated. Graphs were 
also made showing the distribution of the measured vo-
lumes of water in the containers and the distribution of 
the intensity of sprinkling. The obtained results, graphs 
and their analysis allowed for the formulation of the 
following conclusions to be made:

– The highest maximum values of the sprinkling inten-
sity were obtained at the capacity of 400 l/min, a pressure 
of 2.5 bar, a solid spray angle for containers located at 
a distance of 21 and 22 meters from the nozzle and along 
its axis. The smallest values were obtained at 200 l/min, 
a pressure of 5 bar, a solid spray angle for containers 
located at a distance of 19 meters from the nozzle in 
containers on the right and left sides.

– With the measurements taken for the half-dispersed 
spray angle, much larger water volumes were obtained 
in the right and left columns of the containers than for 
the solid spray angle measurements.

– At the setting of the fl ow rate of 400 l/min and the 
solid angle on the nozzle, the greatest stream ranges 
were achieved. Slightly shorter distances were achieved 
for the half-dispersed angle. Therefore, the pressure 
was reduced and the distance between the containers 
and the nozzle was increased compared to a fl ow rate 
of 200 l/min to keep the stream within the specifi ed 
measuring distances.

– Increasing the pressure on the autopump increases 
the range of the jet throw. 

– The actual pressures calculated taking into account 
the losses in the hose section were respectively 4.9 bar 
at the setting of 5 bar on the autopump and 2.2 bar at 
the setting of 2.5 bar.

– Increase in the spray angle results in the decrease 
in the throw range of the water stream.

– A solid water jet is preferred when extinguishing 
spotting fi res from a greater distance, and a dispersed 
jet when cooling hot surfaces.

As for the highest fi refi ghting effectiveness of the 
stream, the authors recommended the following parame-
ters: semi spray angle, and 200 l/min, and 2.5 bar. The 
presented results showed that the nozzle studied fulfi lls 
the criteria of a universal nozzle and can be used in most 
rescue/fi refi ghting operations. Good knowledge of the 
theoretical basis of water spraying and experimental data 
is necessary for the proper use of extinguishing water 

jets in the event of fi res. Thanks to this, help provided 
by fi refi ghters can be even more effective.
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