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rainfall produced by spray nozzles 
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Abstract 

Rainfall simulators have been used for many years contributing to the understanding of soil and water 
conservation processes. Nevertheless, rainfall simulators’ design and operation might be rather demanding 
for achieving specific rainfall intensity distributions and drop characteristics and are still open for 
improvement. This study explores the potential of combining spray nozzle simulators with meshes to 
change rainfall characteristics, namely drop properties (drop diameters and fall speeds). A rainfall simulator 
laboratory set-up was prepared that enabled the incorporation of different wire meshes beneath the spray 
nozzles. The tests conducted in this exploratory work included different types of spray nozzles, mesh 
materials (plastic and steel), square apertures and wire thicknesses, and positions of the meshes in relation 
to the nozzles. Rainfall intensity and drop size distribution and fall speed were analysed. Results showed 
that the meshes combined with nozzles increased the mean rainfall intensity on the 1 m2 control plot below the 
nozzle and altered the rain drops’ properties, by increasing the mass-weighted mean drop diameter, for example. 
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1  Introduction  
Rainfall simulation is a common tool that has been widely used in studies related to soil erosion, nutrient 

and pollutant transport, water conservation and agricultural management practices. One of the main advantages 
of rainfall simulation is the possibility to generate and replicate rainfall with a specific intensity and duration (e.g. 
de Lima and Singh, 2003; Potter et al., 2006; de Lima et al., 2013). In laboratory controlled conditions, it is also 
possible to reduce the effects of the variability of temperature, humidity and wind, as experienced in the field 
(e.g. de Lima et al., 2003; Fister et al., 2012). Nevertheless, rainfall simulators’ design is demanding, raising 
questions on rainfall distribution and intensity, drop characteristics, manpower required, energy availability, costs 
and transportability.  

In the literature, one finds many studies that have used rainfall simulators. These include studies by 
Mutchler and Hermsmeier (1965), de Ploey (1981), Bowyer-Bower and Burt (1989), and de Lima et al. (2003, 
2008). However, the rainfall simulators’ drop properties and spatial intensity distribution is often not discussed 
(e.g. Lascelles et al., 2000; Ries et al., 2009) although some studies report on the mean drop size of the simulated 
rain (e.g. Arnaez et al., 2007; Marques et al., 2007). In natural rain, large mean drop sizes are associated with 
high rain intensities, but in simulated rain the relationship between drop size and intensity may be different. For 
example, Parsons and Stone (2006) reported simulated intensities ranging from 59 to 170 mm h-1, but the median 
drop size remained constant at 1.2 mm.  

Rain simulators can be classified according to the way they produce drops. The two most common types of 
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simulators are: (i) non-pressurized rainfall simulators or drop-former simulators which drip water from hypodermic 
needles and capillary tubes (e.g. Munn and Huntington, 1976; Kamphorst, 1987; Abd Elbasit et al., 2010); (ii) 
pressurized rainfall simulators, such as spray nozzles (e.g. Meyer and McCune, 1958; Esteves et al., 2000). 

Non-pressurized rainfall simulators are less used in the laboratory; but they are a convenient technique for 
places experiencing difficult access and limitations in water supply (e.g. Humphry et al., 2002). The well-known 
disadvantage in these simulators is that they produce a narrow range of drop sizes (e.g. Tossell et al., 1987) and a 
small drop fall speed. Some non-pressurized rainfall simulators include meshes below the drop formers in order 
to break up water drops into a distribution of drop sizes closer to that of natural rainfall and to randomize drop 
landing positions (e.g. Holden and Burt, 2002; Clarke and Walsh, 2007; Fernández-Gálvez et al., 2008).  

Pressurized rainfall simulators have an important advantage over the non-pressurized simulators: drops do 
not rely on gravity to reach terminal velocity, but are sprayed under pressure. For example, the hydraulic spray 
nozzles, which are commonly used in scientific and technical experiments on soil and water conservation, 
operate by discharging the water under pressure through an exit orifice with a small diameter. This leads to an 
increase in water velocity, causing instability in the nozzle exit and subsequent breakup into small drops; 
typically a spray nozzle provides a broader range of drop sizes compared to non-pressurized simulators (e.g. 
Battany and Grismer, 2000). Moreover, drop properties and hence the entire simulated event will depend on the 
pressure applied, the flow rate, and the nozzle design (e.g. Kincaid, 1996; Cerdà et al., 1997; Erpul et al., 1998). 

To our knowledge, meshes have been combined with drop-former simulators but not with nozzle type 
simulators. However, Schindler Wildhaber et al. (2012) recently described a “field hybrid simulator”, and 
claimed that the performance of the simulator improved in relation to the mean drop size and kinetic energy 
when a mesh grid (aperture size of 2 mm × 1.7 mm) was fixed at a distance of 0.5 m under a spray nozzle. 

The objective of this study was to further explore the effect of meshes on spray nozzle rain simulations, 
namely on rain intensity, drop size and drop fall speed. In particular, we are interested in the raindrop properties 
which are important for calculating rainfall erosivity. These properties depend on the design and operation of 
rainfall simulators.  

2  Materials and methods 
2.1  Laboratory set-up 

Fig. 1 shows a schematic representation of the laboratory set-up used in this study. The main components 
are: the rainfall simulator which includes a downward-oriented spray nozzle operating in a static position; a  

 
Fig. 1  Set-up of the laboratory experiments 
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mesh suspended by a system of cables and pulleys at variable vertical distances to the nozzle; and rainfall 
measuring devices, namely rain-gauges and a disdrometer. These measuring devices were set at 2.35 m below 
the nozzles, on an horizontal plane. The rainfall simulator installation also includes a constant head reservoir, a 
submersible pump, a pressure tank, a pressure sensor, two pressure gauges, a pressure switch, pipes and a 
flexible hose. 
2.1.1  Nozzles  

Four types of spray nozzles were used to simulate rainfall with different intensities and drop size 
distributions. The nozzles selected were single full-cone nozzles (HH-22, HH-14W and HH-4.3W) and a 
multiple full-cone nozzle (7G-1). All were manufactured by Spraying Systems Co. Table 1 gives a description of 
the spray nozzles used in the experiments, including the pressure at the nozzle, spray angle (i.e. angle of the 
water cone; see Fig. 2) and discharge. The pressure at the nozzle was kept constant at 1.5 bar for all the 
experiments. Spraying Systems Co. (2013) claims that the spray angle of the nozzles is higher at this pressure 
and that, in general, increasing operating pressure is expected to lead to decreasing drop sizes and increasing 
drop velocities.  

Table 1  Description of the spray nozzles used in the experiments.  
 All nozzles are manufactured by Spraying Systems Co. 

Spray nozzle code HH-22 HH-14W HH- 4.3W 7G-1 

Type Full-cone spray nozzle: standard
Full-cone spray nozzle: 

wide angle 
Fine spray nozzle (multiple full 

cone pattern) 

Pressure (bar) 1.5 1.5 1.5 1.5 

Discharge (L min-1) 11.9 7.6 2.3 4.3 

Spray angle (º) 90 120 120 170 

 
2.1.2  Meshes  

The rain simulator was adapted to allow for the installation of meshes at different distances beneath the 
nozzles, with the purpose to change the characteristics of the simulated sprays. Thus, the set-up included a 
system of cables and pulleys that were used to support and position the meshes, which were stretched and 
attached to a 1 m2 metal square frame. The main characteristics of the meshes used in the experiments are 
described in Table 2. The meshes had different square apertures and wire thicknesses, defining different 
percentages of open area in relation to the area of the frame. Since the adhesion and surface tension forces 
depend on the material, two materials were tested: steel and plastic.   

Table 2 Properties of the wire meshes used in the experiments 

Meshes 1 2 3 4 5 6 

Material 
Plastic 

(polyethylene and polypropylene) 
Steel 

(welded wire ) 

Square aperture (mm) 12 20 40 20 40 40 

Weight (g m-2) 210 470 235 1,200 600 5500 

Wire thickness (mm) 1.0 – 1.5 2.0 – 3.0 2.0 – 3.0 1.4 1.4 4.0 

Open area (%) 82 79 89 87 93 83 

 
2.1.3  Instrumentation 

Characteristics of the nozzle sprays such as drop size and fall speed, and raindrop count over time were 
measured using a Laser Precipitation Monitor, manufactured by Thies Clima (e.g. Thies, 2007). The instrument 
includes a laser-optical source which produces a light-beam (infrared, 785 nm); in a receiver, the optical 
intensity is transformed into an electrical signal. When a rain drop falls through the light-beam (measuring area: 
4,777 mm2) the receiving signal is reduced. The diameter of the drop is calculated from the amplitude of the 
signal reduction and the drop fall speed is determined from the duration of the reduced signal. The disdrometer 
used in the laboratory yields the distribution of the raindrops over 21 diameter-size classes (from 0.125 mm to  
8.000 mm) and 20 fall speed classes (up to 20.0 m s-1). The class intervals do not all have the same width. 

The rain intensity on the target surface was assessed using rain gauges with an opening diameter of 0.116 m, 
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corresponding to a collection area of 10,568 mm2 (see section 2.2.2).  

2.2  Methodology 
The laboratory experiments were comprised of rain simulations from spray nozzles combined with meshes 

and spray nozzles only (i.e. the meshes were absent from the rain simulations). For these two cases, the 
simulated rainfall intensity and drop size and fall speed were examined. The laboratory procedures included: 
(1) selection of the nozzle and operating pressure of 1.5 bar; (2) selection of a mesh, which was positioned at a 
certain vertical distance from the nozzle; (3) start of the rainfall simulation; (4) rain measurements (rain gauges 
and disdrometer). We have undertaken the measurements defined in Table 3 and explained below. 

Table 3  Summary of experiments using different combinations of nozzles and meshes 
 Spray Nozzles 

HH-22 HH-14W HH-4.3W 7G-1 
 Material 

Aperture 
(mm) 

Thickness
(mm) 

Vertical distance 
to the nozzle  

(mm) 
Rain 

gauges
Disdrometer

Rain 
gauges

Disdrometer
Rain 

gauges
Disdrometer 

Rain 
gauges 

Disdrometer

200  •  •  •  • 

400  •  •  •  • 12 ～1.25 

600  •  •  •  • 

200  •  •  •  • 

400  •  •  •  • 20 ～2.5 

600  •  •  •  • 

Plastic 

40 ～2.5 600    •     

20 1.4 600    •     

40 4.0 600    •     

Meshes 

Steel 

40 1.4 600    •     

without meshes  •  •  •  • 

 

 3 replicates; 15 rain gauges (5 rain gauges located on the control plot), see Fig. 3c. 

• disdrometer in 3 positions, 3 replicates (sampling time was 15 seconds), see Fig. 3d. 

 Not measured. 

 
2.2.1  Position of the meshes 

The meshes were suspended at three positions: 200, 400 and 600 mm vertical distances below the nozzles. 
These three positions of the meshes are represented schematically in Fig. 2, which also shows the spray angle 
and the spray boundary for each nozzle, obtained for an operation pressure of 1.5 bar. This figure illustrates the 
expected interception of the sprays by the square meshes (1×1 m2), which varies with the vertical distance 
between the meshes and the nozzles. At some positions the meshes are able to intercept the whole spray. The 
information on the nozzles’ sprays was based on photographs captured during the experiments.  

 

Fig. 2  Spray angle and spray limit boundary for the 4 nozzles used in the experiments  
(The 3 mesh positions beneath the nozzles are represented. The nozzle vertical distance to the target 

surface is 2.35 m; operating pressure is 1.5 bar; on the target surface, measures are 
for the wetted area. Distances are in mm.) 
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2.2.2  Rainfall intensities 
A control square plot of 1 m2 was used for assessing the simulated rainfall intensities on the target surface. 

This plot (horizontal measuring plane, in Fig. 1) was defined at a height of 1 m above the floor and at a vertical 
distance of 2.35 m below the nozzle, and was centered in relation to the nozzle position. We will refer to this area 
as “control plot”. We noticed that this control plot size has been adopted in many soil and water conservation 
studies on small scale field plots that have used rainfall simulators. 

The distribution of the simulated rainfall intensity on the control plot was evaluated with 41 rain-gauges 
scattered over the plot (Fig. 3a); the sampling interval for the rain measurements was three minutes and 3 
replicates were undertaken. The uniformity of the distribution was assessed using the coefficient of uniformity 
(CU) defined by Christiansen (1941).  

 

 

Fig. 3  (a) Position of the 41 rain-gauges used to measure the rainfall intensity on a 1 m2 square plot (control plot, top view); 
(b) Spatial distribution of the simulated rainfall intensity [mm h-1] under the 7G-1 nozzle, estimated using Kriging;  

(c) Position of 15 rain-gauges used to measure the rainfall intensity along a given direction (top view);  
(d) The position of the disdrometer used to measure drop properties (top view) 

(The black ring identifies the position of the nozzle.) 

The laboratory work involved 32 experiments that included combinations of 4 nozzles with 6 meshes, 
positioned at 3 vertical distances from the nozzle (not all possible combinations were considered in this 
exploratory work; see Table 3). In addition, 3 replicates were carried out for each case. Because using a 41 
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rain-gauge grid for assessing the rainfall spatial distribution for all these cases would imply a great number of 
measurements, and because the rainfall intensity distribution was observed to be approximately symmetric (see 
Fig. 3b, for nozzle 7G-1), then the rainfall distribution on the target surface was estimated by studying the rain 
distribution along a single transect; this is illustrated in Fig. 3c that shows equally distributed rain-gauges set 
along a given direction defined on the wetted area, at the target surface level. Thus, estimates of rainfall intensity 
on the control plot used data from 5 rain-gauges, distributed along 1 m; and across the whole wetted area rain 
intensity was estimated using data from 15 rain-gauges that covered a 3.5 m distance (Fig. 3c). 
2.2.3  Drop properties 

Raindrop diameter and fall speed were recorded with a laser disdrometer, which was positioned with the 
light-beam coinciding with the target surface (i.e. measuring plane of the rain-gauges). Three measuring 
positions were adopted on this plane (Fig. 3d). Measurements’ sampling time was 15 seconds; this small 
sampling time is explained by limitations of the disdrometer and its software in handling a large number 
of raindrops during the usual 1-minute resolution of the device, because counting limits of the number of 
particles were surpassed during the laboratory runs and the 1-minute data were then not reliable. So, to avoid 
exceeding the number of drops’ counting limit we have restricted the observation time; we expect that the time 
variability in the simulations is small and that this procedure did not introduce important bias in the results; we 
nevertheless took 3 replicates of the measurements and calculated the mean. For each measurement the 
instrument provides a two dimensional matrix with the count of drops in each of the size and fall speed classes, 
which is used for determining the drop size distribution of the simulated rain.  

The number and size of raindrops within a unit volume of air can be described by the number concentration, 
N(D) (mm-1m-3), also called the raindrop size distribution (DSD), where D (mm) is the spherical equivalent 
diameter of each raindrop. The expected number of drops N(Di) (mm-1m-3) in the raindrop size class i [21 classes, 
with Di (mm) being the central diameter of the size class i] is obtained by (e.g. Krajewski et al., 2006):  
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The mean fall speed of the raindrops, vm (m s-1), is calculated by: 
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where nj is the number of detected raindrops in the fall speed class j, vj (m s-1) is the central fall speed of the 
fall speed class j, and N is the total number of detected raindrops. 

3  Results and discussion 
This section is dedicated to exploring simulated rainfall intensities and drop properties. The control runs 

were for mesh free simulations (i.e. without combining nozzles and meshes). 

3.1  Rainfall intensities 
The distribution of the simulated rainfall intensity on the target surface (at 2.35 m below the nozzle; see 

section 2.2.2) were examined for different experimental runs (Table 3). We aimed at investigating the impact of 
the following variables on the simulated rain intensities: 
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i) Nozzle type: rainfall intensities simulated by different nozzles were compared, with each nozzle being 
combined with one plastic mesh (20 mm square aperture), and for 3 mesh positions;  

ii) Mesh position: rainfall intensities obtained for 3 mesh positions were compared for combinations of 4 
nozzles and 2 plastic meshes (12 mm and 20 mm square aperture);  

iii) Mesh characteristics: rainfall intensities obtained using different mesh characteristics (material, aperture 
and wire thickness) were compared for rain simulated by one nozzle type (HH-14W) and the meshes positioned 
at one fixed position (i.e. at 600 mm vertical distance below the nozzle). 

a) Material: the influence of the meshes’ material on the simulated rain was studied by comparing the 
effects of 3 plastic meshes with those of 3 steel meshes.  

b) Aperture: the effect of different meshes’ apertures was studied by comparing the rainfall intensities 
obtained using plastic meshes with square aperture of 20 mm and 40 mm (both with ~2.5 mm wire 
thicknesses). The same effect was studied for the steel meshes with squares apertures of 20 mm and 40 mm 
(both with 1.4 mm wire thicknesses).  

c) Wire thickness: the influence of the wire thicknesses was explored by comparing the impact of 
40 mm square aperture steel meshes with wires of 1.4 mm and 4 mm thicknesses.  

3.1.1  With and without combining the nozzles with meshes 
The mesh-free rainfall simulations were compared with the rainfall altered by combining the four nozzles 

with plastic meshes of 20 mm square aperture, positioned at three different distances from the nozzles (200, 400 
and 600 mm). Fig. 4a to d show the rain intensities observed along the 3.5 m diameter of the wetted area on the 
target surface. 

 
Fig. 4  Rainfall intensities observed along the 3.5 m diameter of the nozzle spray wetted circle, for simulations 

conducted without combining the nozzles with meshes and combining the nozzles with a plastic mesh 
(square aperture of 20 mm) that was positioned beneath the spray nozzles, at vertical distances 

of 200, 400 and 600 mm: (a) HH-22; (b) HH-14W; (c) HH-4.3W and (d) 7G-1 
(Data are average values of 3 replicates) 

Nozzles HH-22 and 7G-1 are the ones producing the highest intensities beneath the nozzle, which decreases 
strongly a short distance away (Fig. 4a and d); they also yield less uniform water distribution on the control plot. 
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Fig. 4 shows that the mean rainfall intensities were higher for meshes combined with the nozzles than for 
mesh-free simulations. The mesh used affects the distribution of the rainfall intensity generated by nozzles: it is 
responsible for concentrating the rainfall intensity on the area below the nozzle because most drops that hit the 
meshes will fall vertically underneath, although some drops can also be ejected away from the meshes by splash.  
3.1.2  Meshes at different distances from the nozzle 

The importance of the vertical distance adopted between the nozzle and the mesh underneath was assessed 
for the control plot; we tested distances of 200, 400 and 600 mm. Results show that, in general, this distance 
affects the mean rainfall intensity simulated, which tends to increase as this distance decreases (Fig. 5a). The 
corresponding wire thickness of the meshes are different (see Table 2) but this variable seems not to affect the 
results. 

 
Fig. 5  (a) Mean rainfall intensities observed combining nozzles with plastic meshes (square aperture of 12 mm 

and 20 mm) as a function of the vertical distances between the meshes and the nozzle; data are 
average values for the control plot and lines are only indicative of trends. (b) Comparison 

between the rainfall intensities observed along the control plot when combining the 
spray nozzle HH-14W with plastic meshes (square apertures of 12, 20 and 40 mm) 

and steel meshes (square apertures of 20 mm and 40 mm); the distance 
between the mesh and the nozzle was 600 mm 

3.1.3  Meshes made of two materials, different square apertures and thicknesses 
The effect of the meshes’ material (plastic and steel) was attempted by using only one nozzle type 

(HH-14W), one distance to the nozzle (600 mm), and two square apertures for both the plastic and steel meshes 
(20 mm or 40 mm).  

Descriptive statistics of the measured rainfall intensities are given in Table 4. The mesh material (plastic 
and steel) seems not to influence much the measured rain intensities (Fig. 5b). The results obtained using plastic 
and steel meshes with different square apertures also show that the aperture of the meshes used seems not to 
affect significantly the intensity of the simulated rainfall (Fig. 5b). Also, there is no clear evidence of the impact 
of the wire thickness on the measured rain intensities. 

3.2  Diameter and fall speed of drops 
The diameter and fall speed of the raindrops was analysed for the 4 nozzles tested. The rainfall simulated 

without using meshes was compared to the rain produced when a plastic mesh (with a square aperture of 20 mm) 
was positioned at three distances from the nozzle (200, 400 and 600 mm).  
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Table 4  Descriptive statistics of rainfall intensities measured in the control plot, for nozzles combined  
 with steel and plastic meshes. The spray nozzle type used was HH-14W and the vertical  
 distance between the mesh and the nozzle was 600 mm. Data are for the 5 gauges  
 in the control plot (Fig. 3c), 3-minute sampling time, and 3 replicates 

 Meshes 

Material Plastic wire Steel wire 

Square aperture (mm) 12 20 40 20 40 40 

Wire thickness (mm) 1.0-1.5 2.0-3.0 2.0-3.0 1.4 4.0 1.4 

Without 
mesh 

Average (mm h-1) 63.7 57.1 61.5 61.8 64.5 61.2 46.6 

Minimum (mm h-1) 62.2 54.9 59.7 59.8 61.6 58.8 42.6 

Maximum (mm h-1) 64.9 58.1 62.4 63.6 68.1 63.4 48.7 

Coef. variation 0.02 0.02 0.02 0.02 0.04 0.03 0.05 

Coef. uniformity (%) 98.7 98.1 98.7 98.4 96.5 97.6 96.5 

Results suggest that, overall, the presence of meshes increased the mass-weighted mean drop diameter (Dm) 
of the simulated rainfall; in Fig. 6a, the majority of points are located above the 1:1 line. The mass-weighted 
mean diameter of the drops simulated with all the nozzles without using meshes varied between 0.65 mm and 
1.76 mm and between 0.73 mm and 2.69 mm when meshes were used. 

 
Fig. 6  Comparison of simulated raindrops’ properties observed combining the spray nozzle with a plastic mesh 

(square aperture of 20 mm) and without mesh: (a) mass-weighted mean diameter; (b) mean fall speed. 
The spray nozzles tested are identified in the legend. The results are for meshes positioned at three 

vertical distances from the nozzles: 200, 400 and 600 mm 
 [The data were collected during 15 s (3 replicates) with a laser disdrometer positioned in three positions 

that correspond to the 3 data points for each combination nozzle type-distance (see Fig. 3d).] 

The formation of larger drops that are caused by the meshes, in relation to the mesh-free simulations, 
increased the mass-weighted mean diameter of the simulated raindrops and lead to a broader range of drop sizes. 
This is illustrated in Fig. 7 that shows the effect of the plastic mesh (square aperture of 20 mm) on the rain 
simulations recorded just below the 4 nozzles. It is expected that water drops that hit the meshes will detach from 
it after growing up to a size at which its weight overcomes the surface tension force, thus the number of larger 
drops increases. We note that the increase in drop size caused by the meshes is less strong for the HH-22 nozzle; 
this is because the nozzle was nevertheless producing drops larger than the other nozzles, even without the 
meshes. In particular, just below the nozzle the maximum drop diameter recorded for this case was 6.25 mm. 
Other properties of the spray formed by this nozzle are discussed below. 

The fine 7G-1 spray nozzle forms very small droplets, yielding a rather dense spray resembling fog. The 
expectation is that the smaller number of drops in the lowest drop size class reported by the laser disdrometer 
(Fig. 7d) in comparison to other nozzles (Fig. 7a, b and c) is explained, at least partly, by the lower size-limit 
detection for the drops (i.e. 0.125 mm diameter) which could lead to undersampling of small drops below this 
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limit. However, this effect, if present, does not affect the qualitative evaluation of the impact of meshes on 
changing the properties of the drops formed by this nozzle. 

 

Fig. 7  Rain drop size distribution produced by spray nozzles combined with a plastic mesh (square 
aperture of 20 mm) and without mesh: (a) HH-22; (b) HH-14W; (c) HH-4.3W; (d) 7G-1  
(The data were collected with the disdrometer positioned in the centered position, on the 

measuring plane, and the meshes were positioned at three distances from the nozzle.) 

The drop fall speed seems not to be much affected by the presence of meshes. Fig. 6b shows that drop fall 
speed ranges from 1.2 m s-1 to 2.4 m s-1 for the mesh-free simulations and are between 1.2 m s-1 and 2.5 m s-1 for 
the simulations conducted with meshes. This figure shows that in 36% of the tests the fall speed was higher in 
the simulations using meshes, and smaller in 28% of them. Nevertheless, it might be expected that without 
meshes the fall speed is higher, because drops are forced out of the spray nozzles at high velocities, whereas 
drops that fall from meshes have an initial velocity of zero. However, despite the short fall distance from the 
mesh to the ground, the bigger drops that are formed due to the presence of meshes fall faster because of their 
greater mass; in addition, it is expected that the majority of drops fall to the target surface without hitting the 
mesh. Similar results were obtained for the plastic mesh of 12 mm aperture (Fig. 5b and Table 4). 

4  Conclusions  
A laboratory set-up was prepared to evaluate the impact of combining meshes with spray nozzles on rain 

simulations, with the meshes being positioned underneath the nozzles and intercepting the spray (i.e. the drops 
trajectories). The meshes were made of plastic and steel, with square apertures from 12 to 40 mm, installed at 
various vertical distances away from the nozzles. For the control plot, we report the following findings:  

(i) Rainfall intensities 
−  In general, the meshes increased the mean rainfall intensity on the control plot, beneath the nozzle, as 

most raindrops that hit the meshes fall vertically underneath; nevertheless, this effect on the rain 
simulations is affected by the distance between the mesh and the nozzle. 

−  The mean rainfall intensity under the meshes increases as the distance between the meshes and the 
nozzles decreases; this is also explained by the drop concentration effect caused by the interception of 
the drop trajectories by the mesh.  

−  The meshes’ material (plastic and steel), wire thickness and square apertures seem not to have much 
influence on the simulated rain properties; but the limited number of conditions studied restricts the 
analysis of results and hence the tests were not conclusive.  

(ii) Raindrop properties  
While intercepting the nozzle sprays, the meshes altered the simulated raindrops’ properties. In particular, 

for the raindrops diameter and fall speed, the main findings were: 
−  The mass-weighted mean diameter of the simulated raindrops was higher when meshes were used, in 

relation to the simulations carried out without combining meshes and nozzles. Because spray nozzles 
generate typically small drop sizes and narrow drop size distributions, when meshes are combined with 
nozzles they promote the formation of bigger drops and the randomization of their landing positions; 
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−  The mean fall speed of the simulated raindrops was similar for simulations carried out with and without 
meshes. Results suggest that overall the meshes might not have much influence on the mean fall speed 
because regardless of the presence of the meshes a large amount of drops still fall directly from the 
nozzle without hitting the meshes. 

Thus, meshes can be used to alter the mean rainfall intensity produced by spray nozzles, and also the drop 
sizes. Note that by varying the operating nozzle pressure, which was kept constant in this exploratory work, the 
diameter and fall speed of drops can be changed. Indeed, lower nozzle pressures yield larger drops with lower 
fall speed, whereas higher pressures produce smaller drops with higher fall speed.  

In this study no attempt was made to reproduce natural rainfall. Further research should be done to 
investigate how nozzle type, operating pressure and meshes can be used to adjust the characteristics of spray 
nozzle simulated rainfall to those of a specific natural rainfall. 
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