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Abstract  

 
 
In this paper the discharge and velocity of flow produced by a spray nozzle during the washing of 
aggregates is optimized for efficient operation of the nozzle during the washing of aggregates. This 
needed for efficient washing of crushed aggregates that produced silica that are harmful to human life 
and the environment. The increased in discharge and velocity of flow increases the jet pressure, and 
droplets that are needed for efficient and more economical washing of aggregates. In this study, the 
tools of fluid dynamic and solid works are used in optimizing the proposed design. The major 
parameters used in modelling optimal performance of the jet nozzle are flow velocity of spray nozzle 
and discharge of spray nozzle. The following results are theoretically revealed after modelling and 
simulation with solid works.  
 
It was revealed that the optimal flow velocity gave high discharge with proper scattering of droplets 
during the washing of aggregates. An optimal discharge at an optimal nozzle diameter were revealed 
for efficient discharge during the washing of aggregates. It was also shown that there was an optimal 
nozzle diameter that gave optimal flow of water during the washing of aggregates. It was also revealed 
that the optimal nozzle diameter and droplet thickness gave an optimal discharge and velocity of the 
spray nozzle during operation. Varying direction of velocities in the system during operation given was 
revealed by solid works to have different impacts on flow velocity and discharge. The correlation 
between theoretical obtained results and simulated results from solid works revealed  that the velocity 
of the water flowing in the spray nozzle have a range of velocities from 38.659m/s to maximum velocity 
of 77.314m/s as shown in the simulated result. The obtained results revealed close correlation in both 
modeling and simulation. It could be concluded that the design will function efficiently at optimal 
velocity and flow rate during operation. 
 
Keywords: optimizing, discharge, velocity, efficient spray nozzle, flow rate, velocity, nozzle diameter and 
efficiency. 
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1. Introduction 

Most mining industries that are crushing aggregates are faced with several challenges during crushing process [1-8]. 
The most common problem reported is poor discharge, flow velocity and operating pressure during the washing of 
aggregates [1-11]. This has leads to several environmental, issues, heath issues and operating cost [1-15].   This often 
leads to reduction in the quality of road-stone produce and the quality of the road to be constructed [12-17]. The use 
of the correct spray nozzles must be use during the washing of the aggregates for efficient and more economical 
washing of aggregates [1-14]. The spray nozzle must have the require flow rate as to create a pulsating jet of fluids to 
wash the dust and other small aggregate sizes [1-10]. This can be achieved by designing a spray jet with the require 
jet pressure, velocity, and discharge for efficient washing of aggregates [1-17]. It is no doubt that efficient and optimal 
operation of the jet spray nozzle is need for proper washing of aggregates [1-16]. For over the years now, most 
researchers have tried to design a spray nozzle with the require washing of aggregates characteristics. This has faced 
several setbacks in terms of operating parameters and behaviour during real life operation. One of such parameters 
facing setback are velocity and discharge produced by the nozzle during aggregates washing process.   

Most Information which relate the spray velocity of droplets and discharge produced by the spray nozzles with the 
relevant data relating to the droplet particles size and the flux distributions during operation in the spray are vital 
factors to be taken into consideration if the behaviour of sprays pattern in complex air flows system must be 
understood. The velocities of spray droplet close to the spray nozzle and the nozzle diameter are vital input parameters 
to the physical models being derived to predicting droplet trajectories and discharge and any possible risk of drift 
during washing of aggregates from the spray application [1-12]. It is difficult to design a spray with optimal spray 
velocity and discharge during for washing of aggregates. This is due to lower droplets that usually decelerate from a 
release velocity line. Researcher like Miller et al., [27] used spray velocity measurements and develop a model which 
describe entrained air velocities at varying positions within a flat spray fan. The derived model by Miller et al [27] 
shown that the Phase Doppler instrument system gave more enhanced droplet density which produced a higher 
discharge during operation. Few comparative analyses in nozzle spray [28] revealed reasonably agreement between 
size/velocity profiles measured during operation. This is mostly applied in the development of agricultural spray 
nozzles, but it has not been applicable in the mining industries during the washing of aggregates. The main problem 
of optimizing the spray velocity and discharge is creating a serious issue of drift control problem.   

Most design air spray induction nozzles produced large spray droplets with an air inclusion during operation and there 
is evidence that the presence of air inclusions in the system influences the Phase Doppler behaviour during operation. 
This has given rise to other problem such as the challenges in analysing sprays droplet and emulsions produced during 
operation as reported in the agricultural and chemical industries. Oxford Lasers “VisiSizer” developed a new spray 
analyser and the velocity and sizes during operation can be computed for a spray. This paper reports the results of 
optimal velocity and discharge produced by a spray nozzle for efficient washing of aggregates in the mining industry. 

2. Methodology 

To model the optimal velocity and discharge produced by the spray nozzle, it is important to study the waterjet 
thickness produced by the spray nozzle during operation which is given by Zhou (Zhou, et al., 1996). The Zhou (Zhou, 
et al., 1996) model focused on the relationship between the flow rate (Q) and spray angle (∅) which gives the thickness 
of the liquid produced by the spray as droplets during operation given as  

       𝑇𝑇 = 180×𝑄𝑄
𝜋𝜋×∅×𝑈𝑈

                                                               [1]                                                                     

where T=thickness of liquid sheet, Q=liquid flow rate (m^3/s), ∅=spray angle (o), U=average velocity (m/s). From 
Bernoulli’s theory the spray nozzle average exit velocity is can be computed.  

 

Proceedings of the 2nd African International Conference on Industrial Engineering and Operations Management 
Harare, Zimbabwe, December 7-10, 2020

© IEOM Society International 1538



  𝑈𝑈 = 𝐶𝐶𝐶𝐶 × �𝑉𝑉2 + 2∆𝑃𝑃
𝜌𝜌

                                                              [2] 

where V=inlet velocity (m/s), Cd=spray nozzle co-efficient, 𝜌𝜌=water density (kg/m^3)  

∆𝑃𝑃= difference in pressure (KPa). To establish the flow of fluid energy from the inlet and exit of the pressure nozzle 
of the spray it is important to consider to two points which are point A and point B  and their flow energy is given as 
𝑃𝑃𝐴𝐴
𝜌𝜌𝜌𝜌

+ 𝑉𝑉𝐴𝐴
2

2𝜌𝜌
+  𝑍𝑍𝐴𝐴 =  𝑃𝑃𝐵𝐵

𝜌𝜌𝜌𝜌
+  𝑉𝑉𝐵𝐵

2

2𝜌𝜌
+  𝑍𝑍𝐵𝐵 . Their respective velocities at inlet and exit V1 and V2 are computed from the 

equation of continuity given as V2 = (A1V1/A2). To compute the optimal velocity and discharge during spray of the 
nozzle, the change in pressure from the nozzle can be computed as  

∆𝑃𝑃 =  𝜌𝜌
2

 (𝑉𝑉𝐴𝐴2 −  𝑉𝑉𝐵𝐵2) =  𝜌𝜌
2

 (𝑉𝑉12 − 𝑉𝑉22) =  𝜌𝜌
2

 �𝑉𝑉12 −  �𝐴𝐴1𝑉𝑉1
𝐴𝐴2
�
2
�                                                             [3]                                                                                                     

where A1 is the inlet of the spray nozzle and A2 is the area of the spray nozzle at the exit. The different velocity at 
the inlet and exist can be defined form the equation of Bernoulli given as   

 𝑉𝑉 = 𝑄𝑄
𝜋𝜋
4×𝐷𝐷2

                                                                                                        [4] 

Where Q is the flow rate, D is the spray nozzle diameter (mm), V is the velocity (m/s). From equation (4) the discharge 
through a spray nozzle can be computed. The relationship between the spray nozzle flow rate and the spray nozzle 
diameter given as  

𝑄𝑄 = 𝐾𝐾×𝐷𝐷×√∆𝑃𝑃×10−6

60
                                                                                                                         [5] 

Where K is the test coefficient, P is the water pressure (MPa). The results in table 1 revealed the performance of BJ 
flat fan spray nozzles with different flow rates and BJ flat fan spray nozzle at a Pressure of 2Bar, Diameter of 9.65mm 
and at a Spray angle of 110o 

Table 1: the performance of BJ flat fan spray nozzles with different flow rates 

Spray 
nozzl
e 

k-
value 

Q(L/
m) 

Q(m3
/s) 

×10-3 

Velocity(m/
s) 

Average 
velocity(m/
s) 

Droplet 
thickness(mm
) 

1 0.702 0.99 0.016
5 

0.226 1.443 0.00596 

2 0.877 1.24 0.020
7 

0.283 1.815 0.00593 

3 0.912 1.29 0.021
5 

0.294 1.889 0.00593 

4 1.053 1.49 0.024
8 

0.339 2.193 0.00589 

5 1.139 1.61 0.026
8 

0.366 2.379 0.00587 

6 1.367 1.93 0.032
2 

0.439 2.880 0.00581 

7 1.404 1.99 0.033
2 

0.454 2.963 0.00583 

8 1.755 2.48 0.041
3 

0.565 3.749 0.00574 
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9 1.823 2.58 0.043
0 

0.588 3.905 0.00574 

10 2.106 2.98 0.049
7 

0.679 4.947 0.00523 

From table 1 it is revealed that an increase in spray nozzle led to an increase k-value, discharge, and velocities of flow 
through the spray nozzle. It is shown that as these parameters increases during operation the droplet thickness 
decreases during operation. This is due to the fact an increase in velocities and discharge led to an increase in pressure 
which causes molecular breakdown of droplet. At very high pressure the droplet thickness gets more smaller due to 
more random breakdown of molecules of water. Therefore, an increase in velocities of flow led to an increase in 
discharge during spray nozzle operation. The graph below shows the relationship between types of spray nozzles flow 
rate and droplet thickness. An exponential increase of droplet thickness, flow rate and type of spray nozzle is revealed 
in Fig.1 (a). It increases to an optimal droplet thickness and flow rate during operation. However, the increment is not 
smooth due to air pressure or variation of pressure during operation that impacts the flow trajectory. A similar result 
was observed for average velocity and type of spray nozzle as shown in Fig.1 (b) 

 

(a)The graph below shows the type of spray nozzle and its average velocity 
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(b) 

Figure:1 (a) droplet thickness to spray nozzle type (b) average velocity to type of spray nozzle 

Table 2: the performance of FF deflection wide angle spray nozzle 

SPRAY 
TYPE 

DIAMETER (mm) k-
facto
r 

Q(m3/s) 
×10-3 

Velocity(m/s) Average 
velocity(m/s) 

Droplet 
thickness(mm) 

FF073 1.85 2.28 0.05367 19.966 11.162 0.00189 
       FF093 2.36 3.42 0.0805 18.403 16.187 0.001965 

FF104 2.64 4.56 0.1075 19.639 22.1706 0.001915 
       FF116 2.95 5.47 0.1288 18.844 26.1441 0.001946 

FF125 3.18 5.70 0.1343 16.9095 26.064 0.002036 
FF129 3.28 6.84 0.161 19.054 32.842 0.001937 
FF141 3.58 8.20 0.193 19.173 39.473 0.001932 
FF148 3.76 9.12 0.215 19.363 44.081 0.001927 
       

The performance of FF deflection wide angle spray nozzle revealed an increase in velocities and discharge when the 
diameter increase. It was also revealed that the droplet thickness decreases when the velocities and discharge increases. 
The obtained results in Fig.2 is like the obtained result revealed in Fig.1. Further investigation was needed to get the 
optimal velocity and discharge that gave optimal performance during operation. The obtained results revealed in table 
2 is revealed in Fig.2 (a-c) as shown below. 
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(b)  

 

(c) 

Figure 2 (a) Nozzle diameter and flow rate during operation (b) spray nozzle diameter to average velocity (c) nozzle 
diameter to droplet thickness 

The results in Fig. 2(a) revealed an increase in flow rate as the spray nozzle increases. A similar observation is also 
observed in Fig.2 (b) which revealed an increase in average velocity and spray nozzle diameter during operation. It is 
observed that the flow is impacted by air which was reported to impacts the droplet thickness as velocity and flow rate 
increases. The result in Fig. 2 (c) revealed the optimal nozzle diameter and droplet thickness that gave the optimal 
discharge and velocity of the spray nozzle during operation. This is impacted by the varying direction of velocities in 
the system during operation given in Fig.3 (a-c) as revealed by solid works. The system Velocity in Z-direction of the 
spray nozzle design such that it is has a greater velocities of up to +46.311m/s in the Z-direction that is the optimal 
speed (velocity) needed for proper washing of the aggregate. The velocity in the Z-direction is a vector quantity and 
it can be positive or negative. The negative sign is only indicating the direction of the flow during operation. Therefore, 
the fluid velocity that is needed for efficient washing of aggregates during solid work simulation was found to be 
117.639m/s. The system velocity in the X-direction is the velocity entering the spray nozzle at a diameter of 3mm. 
The maximum simulated velocity that can enter the system was revealed in the simulation to be 346.423m/s.  But the 
one entering the spray nozzle at the assigned pressure was simulated to be 108.018m/s. it could be observed that the 
real velocities seem to be greater than the theoretical velocities. 
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(b) 
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(c) 

Figure. 3: Flow velocities in directions of X, Y and Z 

From the obtained results shown in Fig.3, it is revealed that the designed spray nozzle was calculated theoretically to 
operate at the maximum velocity of 69.65m/s. The designed and the simulated spray nozzle can operate at an optimal 
maximum flow velocity of 541.220m/s. This is greater to what was expected and therefore the system will be more 
efficient during washing of aggregates. The solid works simulation shows that the designed spray nozzle can operate 
at greater velocities which can have positive pulsating effect on the crushed of aggregates. Such greater velocities are 
what is expected on the designed spray nozzle. By comparing the theoretical obtained results and simulated obtained 
results it is revealed that the diameters of the spray nozzle can operate to its maximum and at this maximum diameter 
the spray nozzle will have a greatest flow velocity of water and pressures as shown in table 3. These results are all 
from constant diameter of 3mm  

Table 3 comparing theoretical and simulated results 

•  • Theoretical results • Simulated results 

• Velocity (m/s) • 69.65 • 38.659-77.314 

• Pressure (MPa) • 6 • 0.266-595.698 

By correlating the theoretical obtained results and simulated results, the velocity of the water flowing in the spray 
nozzle revealed that the simulated nozzle will have a range of velocities from 38.659m/s to maximum velocity of 
77.314m/s. This is the range that the theoretical obtained results fall within the simulated results. Therefore, there is a 
close correlation which means that the velocity of the simulated spray nozzle and the theoretical spray nozzle results 
revealed a close correlated. The calculated pressure at which the spray nozzle can be operation was computed to be 
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6MPa and the simulated results was simulated to be between 0.226MPa to maximum of 595.698MPa. From this 
observation, the computed pressure falls within the simulated values. The simulated spray nozzle has the greatest 
velocity of flow and the greatest pressures can be used. This mean that the design can function efficiently at optimal 
velocity and flow rate during operation. 

3. Conclusion and Recommendation 

The study was aimed at optimizing the velocity and discharge produced by a spray nozzle for efficient washing of 
aggregates in mining industry. To achieve this objective the principles of fluids mechanics and the relevant simulation 
was performed by solid works. The following results was revealed in the study. it is revealed that an increase in spray 
nozzle led to an increase k-value, discharge, and velocities of flow through the spray nozzle. It was also revealed that 
the flow is impacted by air which was reported to impacts the droplet thickness as velocity and flow rate increases. It 
was also revealed that the optimal nozzle diameter and droplet thickness gave an optimal discharge and velocity of 
the spray nozzle during operation. Varying direction of velocities in the system during operation given was revealed 
by solid works to have different impacts on flow velocity and discharge. The correlation between theoretical obtained 
results and simulated results from solid works revealed  that the velocity of the water flowing in the spray nozzle have 
a range of velocities from 38.659m/s to maximum velocity of 77.314m/s as shown in the simulated result. The obtained 
results revealed close correlation in both modeling and simulation. It could be concluded that the design will function 
efficiently at optimal velocity and flow rate during operation. 
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