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Abstract 

Hydrocyclone is a device used to separate solids from liquid suspension using the principle of 
centrifugal force. To increase the capacity of the hydrocyclone, the hydrocyclone needs to be paralleled. 
The parallel connection of hydrocyclones requires a header to regularly distribute the suspension into the 
hydrocyclones. One of the factors affecting the distribution of the suspension within the hydrocyclone 
header is the pressure drop. In addition, an increase in the pressure drop results in increasing of the 
system power consumption because of increasing of pump power. Therefore, the shape and size designs 
of the hydrocyclone header are essential for reducing the pressure drop inside hydrocyclone header. In 
this research, the variables influencing the change of the pressure drop inside the hydrocyclone header 
were numerically studied, namely the lower tilt angle, the body diameter, and the shape of the 
hydrocyclone header. The condition of the simulation was followed; 1) the lower tilt angles of the 
hydrocyclone header were 30°, 45°, and 60°; 2) the body diameters of hydrocyclone header were 400, 
600, 800, and 1,000 mm; 3) the shape of hydrocyclone header were cylinder, cone, dome, and 2cones. 
From the simulation results, it was found that the most suitable hydrocyclone header for use with the 
parallel hydrocyclone was the header designed with the lower tilt angle of 60°, the diameter of 1,000 mm, 
and the shape of the dome. 
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Background and Statement of the Problem 

Hydrocyclones are widely used as a primary separator in the process of solid-liquid separation, 
e.g. petrochemical refining, mineral processing and natural gas purification [1-3]. This is because 
hydrocyclone has a simple construction, no moving parts and low maintenance requirement [4]. 
Furthermore, hydrocyclone is operated by the centrifugal force to separate the suspended solid from the 
medium. Coarse solid particles are discharged via the spigot with the fine particle, whereas fine solid 
particles are ejected through the vortex finder with coarse particle [5-6], as shown in Figure 1. 
Nevertheless, a single hydrocyclone is always unable to meet the demand of industrial applications. In 
other words, an increase in the performance of industrial capacity using only single hydrocyclone lead to 
increasing of the production cost. Thus, connecting multiple hydrocyclones in parallel using headers 
solves this problem in addition to increase a precision of separation [7-8]. 
 

 
 
 
 
 
 
 
 
 
 
 

Figure 1 Flow pattern inside hydrocyclone [9] 
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Lately, the hydrocyclone header design for improving the pressure drop inside header has been an 

issue that many researchers were to increasingly pay attention. The modifications of structural design of 
hydrocyclone header is alternative methods. Huang et al. [10] numerically studied the effect of structural 
modification of hydrocyclone header in UU-type on pressure drop and flow distribution in a mini-
hydrocyclone group arrangement, whereas Lv et al. [11] experimentally studied the effect of structural 
modification of hydrocyclone header in UU-type on pressure drop, flow distribution, and separation 
efficiency in a mini-hydrocyclone group arrangement. At a later time, Chang et al. [12] numerically 
studied the effect of structural modification of hydrocyclone header in UZ-type on flow distribution and 
pressure drop in a mini-hydrocyclone group. Jiang et al. [13] numerically studied the effect of structural 
modification of hydrocyclone header on pressure drop, velocity vectors distribution, and solids 
concentration in hydrocyclone group. 

According to the literature review above, it was found that the structural modifications of the 
header did not cover modifications of the lower tilt angle, shape and body diameter of the hydrocyclone 
header. It is therefore the origin of this research to study the effects of these variables, e.g. lower tilt 
angle, shape and body diameter of hydrocyclone header on pressure drop.  
 
Objectives 

1. To numerically study the effects of hydrocyclone header design on pressure drop inside 
hydroyclone header. 

2. To determine the types of hydrocyclone header suitable for application to parallel 
hydrocyclone.  

 
Materials and Methods 

Hydrocyclone headers used in this research were designed in a variety of shapes, body diameters, 
and lower tilt angles using SolidWorks 2014 software, as shown in table 1. Figure 2, 3 and 4 show the 
schematic diagrams of the different hydrocyclone headers designed with this software. Additionally, this 
software was used in the simulation of fluid flow inside the hydrocyclone headers.  

 
Table 1 Design of entire configurations of simulated hydrocyclone header  

Variables Various values 
Shapes 

Body diameters 
Lower tilt angles 

Inlet and Outlet diameters 

Cylinder, Cone, Dome, and 2Cones 
1,000, 800, 600, and 400 mm  

30q, 45q, and 60q 
200 mm and 80 mm 

  

 
(c) (d) 

(a) (b) 
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Figure 2 Shapes of hydrocyclone header. (a) Cylinder; (b) Cone; (c) Dome; (d) 2Cones 

 
 
 

Figure 3 Body diameters of hydrocyclone header. (a) 1,000 mm; (b) 800 mm; (c) 600 mm; (d) 400 mm 
 

 
 

Figure 4 Lower tilt angles (Tlower) of hydrocyclone header. (a) 30q; (b) 45q; (c) 60q 
 

(a) (b) 

(c) (d) 

(a) (b) 

(c) 
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 In this research the pressure drops inside hydrocyclone header were investigated in simulation at 
the different shapes of hydrocyclone header of cylinder, cone, dome, and 2cones with 200 mm inlet 
diameter (1 outlet hydrocyclone header) and 80 mm outlet diameter (a total of 6 outlets hydrocyclone 
header). The body diameters of hydrocyclone header were set as 1,000 to 800, 600, and 400 mm with the 
lower tilt angles of 30q, 45q, and 60q. The pressure drop inside hydrocyclone header was denoted as 
shown in Eq. 1 [14].  

 

  P = f L
D

 Vavg
2

2
            (1)                            

 
where ∆P is the pressure drop inside hydrocyclone header (Pa), f is Darcy friction factor (-), L is length of 
inlet and outlet tubes (mm), D is header diameter (mm), ρ is fluid density (kg/m3), and Vavg

2 is average 
velocity of fluid flowing through header (m/s). 
  

 
 

 
 

 Figure 5 Unstructured meshes of hydrocyclone header             Figure 6 Boundary conditions 
 
 
 
 
 
 
 
 
 
 
The rectangular was the selected type of unstructured mesh in all body of hydrocyclone header as 

shown in Figure 5. The Semi-Implicit Method for Pressure-Linked Equations (SIMPLE) algorithm was 
performed to solve the equations of fluid phase (continuity, momentum and standard k-ε model 
equations). The values of constant were set as liquidρ  = 997 kg/m3 and liquidμ  = 0.00089 Pa.s. The 
parameters in standard k-ε turbulence model were set asC  = 0.09,  k= 1.0,   =1.3, C1 = 1.44, and C2  = 
1.92. The assumptions in these simulations were as follow: 1) properties of fluid (density and viscosity) 
were constant, 2) Standard k-ε turbulence model was set to calculate turbulent flow, 3) heat transfer was 
neglected, and 4) steady state condition was applied. 

Figure 6 shows the boundary conditions and values used in the simulation of fluid flow, which 
have details as follows: 1) water was defined as the fluid at a temperature of 25q and its density of 997 
kg/m3; 2) hydrocyclone header inlets were set as the mass flow rate of 180 kg/s and a uniform flow in the 
y-axis direction only; 3) hydrocyclone header outlet was set as the static pressure of 101,325 Pa and the 
fluid was discharged from the outlet when the inside pressure was more than the outside pressure of 
hydrocyclone header; 4) hydrocyclone header walls were set as no-slip condition, i.e. the fluid will have 
zero velocity relative to the boundary. 
 The change of fluid flow inside hydrocyclone header was calculated using the computational fluid 
dynamics which consist mainly of a set of those equations, i.e. continuity and momentum equations. The 
continuity equation was defined as shown in Eq. 2 [15].  
 

   u
 x

+  v
 y

+  w
 z

= 0 (2) 

 
where x, y, z represent the axes in the rectangular coordinates and u, v, w represent the velocities in the x-
axis, y-axis, and z-axis, respectively. The momentum equation shows in the following equation: 
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 The standard k-ε model is used to calculate turbulent flow of fluid inside hydrocyclone header. 
This model includes two transport equations which are turbulent kinetic energy, k, and turbulent 
dissipation, ε. The turbulent kinetic energy uses to resolve the energy in turbulence, as the turbulent 
dissipation uses to determine the scale of turbulence. These two equations were denoted as shown in Eq. 6 
and Eq. 7.  
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where  t

 is viscosity of a turbulent fluid flow calculated from Eq. 8. Gk defines as the effect of kinetic 
energy in turbulent flow due to velocity gradients calculated from Eq. 9, whereas Gb represents as the 
effect of kinetic energy in turbulent flow due to buoyancy force calculated from Eq. 10. 
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 Gk = 2 tSijSij (9) 

 Gb =  gi

 t

Prt

  
 xi

 (10) 

 
Research Results and Discussion  
Effect of lower tilt angle on pressure drop 
 The impacts of lower tilt angle on pressure drop with inlet diameter of 200 mm (1 inlet 
hydrocyclone header), and outlet diameter of 80 mm (a total of 6 outlets hydrocyclone header) at various 
shapes of hydrocyclone header is shown in figure 7, 8, 9. Lower tilt angles were varied from 30q to 45q, 
and  60q at body diameter of hydrocyclone header of 1,000 mm. it was found that the increased lower tilt 
angle led to the lower pressure drop in hydrocyclone header. As can be seen in Figure 7, at the cylindrical 
shape of hydrocyclone header (0q lower tilt angle), the obtained pressure drop value was 38,586.77 Pa, 
whereas the cone shape of hydrocyclone header with different lower tilt angles of 30q, 45q, and 60q gave 
the pressure drop values of 37,971.98, 37,263.38, and 37,224.79 Pa, respectively. From Figure 8, the 
pressure drop value of 36,933.65 Pa was obtained by using dome shape of hydrocyclone header with a 
lower tilt angle of 30q, whereas the pressure drop values of 36,683.65 and 36,043.64 Pa by using dome 
shape of hydrocyclone header with lower tilt angles of 45q and 60q, respectively. Likewise, the results 
obtained from increasing the lower tilt angle led to a decrease in pressure drop inside 2 cones shape of 
hydrocyclone header, as shown in Figure 9. The obtained pressure drop value was 37,652.13 Pa with a 
lower tilt angle of 30q, whereas the pressure drop values of 36,741.13 and 36,141.13 Pa with lower tilt 
angles of 45q and 60q, respectively. When comparing the effect degree of the changes of lower tilt angle 
on the low pressure drop, it demonstrated that 60q lower tilt angle was more than 45q lower tilt angle and 
30q lower tilt angle. 
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  Figure 10 shows the simulated results of fluid flowing through the hydrocyclone header at 
different lower tilt angles and body diameter of hydrocyclone header of 1,000 mm. The velocity profiles 
were adopted to show the fluid flow and multicolor of velocity profile represented the velocity level of 
fluid. The fluid flowed from inlet to outlet tubes of hydrocyclone header by the effect of pressure 
difference. While the fluid was flowing through the blind corner of hydrocyclone header (red rectangulars 
shown as figure 10a), the level of fluid velocity gradually decreased, but improved when the lower tilt 
angle was increased (as shown in figure 10b, 10c, and 10d, respectively) because increasing of the lower 
tilt angle reduced friction and momentum effect of fluid that flew across the blind corner of hydrocyclone 
header [16]. Moreover, the change of the lower tilt angles resulted in the change of fluid flow inside the 
hydrocyclone header, and consequently the change of the low pressure drop [17]. 

 

 
 

Figure 7 Effect of lower tilt angle on pressure drop at cylinder and cone shapes 
 

 
 

Figure 8 Effect of lower tilt angle on pressure drop at dome shape 
 

 
 

Figure 9 Effect of lower tilt angle on pressure drop at 2cones shape 
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Figure 10 Velocity profiles of fluid flowing through the hydrocyclone header at various lower tilt angles. 

(a) 0q; (b) 30q; (c) 45q; (d) 60q 
 
 The simulation results of the effect of lower tilt angle on pressure drop were confirmed by 
statistic technique (i.e. one-way ANOVA) as shown in table 2. This table shows that the value of P-value 
is less than 0.05 and the F calculate value (F) of 5.5890 is more than F critical value of 4.0662 (F crit). In 
other words, modifying the lower tilt angles significantly affected the change of pressure drop inside the 
hydrocyclone header.    
 
Table 2 The results obtained from analysis using one-way ANOVA of Microsoft Excel 

Source of Variation SS df MS F P-value F crit 
Between Groups 4599437.83 3 1533145.94 5.5890 0.0231 4.0662 
Within Groups 2194501.88 8 274312.734 

   Total 6793939.7 11 
     

Effect of hydrocyclone header shape on pressure prop  
 Figure 11 presents the plot of simulation results between pressure drop and hydrocyclone header 
shapes at 200 mm inlet diameter (1 inlet hydrocyclone header), 80 mm outlet diameter (a total of 6 outlets 
hydrocyclone header), 1,000 mm hydrocyclone header diameter, and 60q lower tilt angle. Hydrocyclone 
header shapes were varied from cone to dome, and 2cones. The results indicated that the dome obtained 
the pressure drop lower than the 2cones and cone. It is because the dome shape reduced the friction and 
momentum effects on the fluid flowing through this area, leading to a decrease in of head loss inside 
hydrocyclone header [18]. In other words, the more rounded the top of hydrocyclone header, the lower 
the pressure drop. When comparing the effect degree of changes of hydrocyclone header shape on the low 

(a) 

(d) (c) 

(b) 
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 pressure drop, it indicated that dome shape was higher than 2cones and cone shapes of hydrocyclone 
header. 
 As can be seen in Figure 10, at the cone shape of hydrocyclone header with 60q lower tilt angle, 
the obtained pressure drop value was 37,263.38 Pa, whereas the 2cones and dome shapes of hydrocyclone 
header with lower tilt angles of 60q gave the pressure drop values of 36,141.13 and 36,043.65 Pa, 
respectively. In other words, dome shape of hydrocyclone header was clearly obtained the pressure drop 
value lower than the 2cones shape of hydrocyclone header and was slightly obtained the pressure drop 
value lower than cone shapes of hydrocyclone header.  
 As expected, when comparing the effect of the hydrocyclone header shape on pressure drop at 
1,000 mm body diameter of hydrocylone header and 60q lower tilt angle mentioned above, it indicated 
that the dome shape was obtained the pressure drop value lower than the 2cones and cone shapes of 
hydrocyclone header. 
 

 
 

Figure 11 Effect of hydrocyclone header shape on pressure drop at 60q lower tilt angle 
 
 The simulation results of the effect of hydrocyclone header shape on pressure drop were 
confirmed by one-way ANOVA as shown in table 3. This table shows that the value of P-value is less 
than 0.05 and the F calculate value (F) of 1,194.0308 is more than F critical value of 3.6823 (F crit). In 
other words, Adjusting the hydrocyclone header shapes significantly affected the change of pressure drop 
inside the hydrocyclone header.    
 
Table 3 The results obtained from analysis using one-way ANOVA of Microsoft Excel  
Source of Variation SS df MS F P-value F crit 

Between Groups 5513467.63 2 2756733.81 1194.0308 0.0000 3.6823 
Within Groups 34631.4424 15 2308.76283 

   Total 5548099.07 17 
     

Effect of body diameter of hydrocyclone header on pressure prop 
 Figure 12 shows the relationship between body diameter of hydrocyclone header and pressure 
drop at 200 mm inlet diameter (1 inlet hydrocyclone header), 80 mm outlet diameter (a total of 6 outlets 
hydrocyclone header), and 60q lower tilt angle. The body diameters of hydrocyclone header were varied 
from 1,000 to 800, 600, and 400 mm. It can be noted that the wider body diameter gave the lower 
pressure drop. This was because a reduction of the head loss inside hydrocyclone header [19]. As a result, 
the velocity of the fluid flowing through the hydrocyclone header is reduced and the fluid was diffused 
better into the hydrocyclone. The effect degree of the changes of hydrocyclone header diameter on the 
low pressure drop is in an order as follows: 1,000 mm > 800 mm > 600 mm > 400 mm. 
 According to figure 12 at 60q lower tilt angle and dome shape of hydrocyclone header, the 
pressure drop value of 36,543.65 Pa was obtained by using 400 mm body diameter, whereas the pressure 
drop values of 36,294, 36,169, and 36,043.65 Pa by using 600, 800, and 1,000 mm body diameters, 
respectively.  
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Figure 12 Effect of hydrocyclone header diameter on pressure drop at 60q lower tilt angle 
 
 The simulation results of the effect of hydrocyclone header diameter on pressure drop were 
confirmed by one-way ANOVA as shown in table 4. This table shows that the value of P-value is less 
than 0.05 and the F calculate value (F) of 24,669.1603 is more than F critical value of 3.0984 (F crit). 
Adjustment of the hydrocyclone header diameters significantly affected the change of pressure drop 
inside the hydrocyclone header.    
 
Table 4 The results obtained from analysis using one-way ANOVA of Microsoft Excel  
Source of Variation SS df MS F P-value F crit 

Between Groups 820027.621 3 273342.54 24669.1603 0.0000 3.0984 
Within Groups 221.606683 20 11.0803342 

   Total 820249.227 23 
     

Summary and Recommendations of the Study 
The design improvements of hydrocyclone header in order to reduce the pressure drop inside 

header were numerically studied by varying the lower tilt angles, shapes, and body diameters of 
hydrocyclone header with 200 mm inlet diameter (1 outlet) and 80 mm outlet diameter (a total of 6 
outlets). The simulation results were as follows: 1) increasing the lower tilt angle led to decreasing the 
pressure drop, 2) the dome shape was obtained the low pressure drop, and 3) the wider body diameter 
resulted in a lower pressure drop. 
To achieve low pressure drop inside hydrocyclone header, the design engineer should consider the header 
dimensions by adopting an lower tilt angle of 60q, dome shape, and body diameter of 1,000 mm; resulting 
in a pressure drop inside hydrocyclone header of 36,043.65 Pa, approximately. The simulation results 
were confirmed by statistic technique, i.e. one-way ANOVA. From the results of one-way ANOVA 
analysis, it was founded that the modifications of lower tilt angle, hydrocyclone header shape and 
hydrocyclone header diameter significantly affected the change of pressure drop inside hydrocyclone 
header. 

Nonetheless, further investigation is needed to comprehend the effects of these parameters, for 
example, diameter and length of both inlet and outlet hydrocyclone headers in addition to fluid velocity in 
inlet tube of hydrocyclone header as well as solid concentration suspended in fluid. Additionally, the 
studies of interaction between all these parameters, comparison hydrocyclone header of this research with 
other hydrocyclone header types and the effect of diameter or tilt angle of different shape on separation 
efficiency for hydrocyclone header should also be considered. This is because it will allow design 
engineer to choose more appropriate header in implementing with a parallel hydrocyclone.    
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Nomenclature 
C  ,  k ,   ,C1 ,C2    Parameters in Standard k-ε turbulence model, - 
 D  Header diameter, mm 
 f  Darcy friction factor, - 
sH  Hydrocyclone header shape, - 

k  Turbulent kinetic energy, J/kg 
L  Length of inlet and outlet tubes, mm 
Prt  Prandtl Number , - 
 P Pressure drop inside hydrocyclone header, Pa 
Sij Strain Rate, 1/s 

Vavg
2  Average velocity of fluid flowing through header, m/s 

liquidρ  Liquid density, kg/m3 

liquidμ  Liquid viscosity, Pa.s 

lowerθ  Lower tilt angle of hydrocyclone header, q 
x, y, z  Axes in the rectangular coordinates, - 
u, v, w  Velocities in the x, y, z axes, m/s 
ε Turbulent dissipation, J/kg.s 
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