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Abstract 

Piping systems provide effective fluid distribution and are crucial to industrial operations. Despite their 

effectiveness, flow control devices like orifice plates can result in significant pressure drop that can lower system 

efficiency and wear out the systemôs mechanical components. This study aims to optimize orifice plate design by 

examining the effect of plate thickness on flow characteristics using Computational Fluid Dynamics (CFD). 

Simulations were conducted on orifice plates with thicknesses ranging from 1.5T to 3.0T under Reynolds numbers 
from 10  to 10 . Results show that increasing the thickness reduces pressure loss, with the 3T configuration 

achieving a 1.35% reduction compared to the baseline. Improvements are linked to a higher discharge coefficient 

(Cd), shorter flow reattachment distance (Xr), smaller recirculation zones, and reduced velocity through the orifice 

throat. These findings suggest that geometric modifications can enhance flow performance and reduce the risk of 

mechanical damage in piping systems. 
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1. Introduction  

Piping systems are widely used 

across industries for efficient fluid transport, 

offering high capacity, low operational 

costs, and strong safety performance [1]. In 

the oil and gas sector, they are essential for 

supporting production and distribution 

processes [1, 2]. To improve efficiency, 

these systems often incorporate valves, 

filters, venturi tubes, bends, and orifice 

plates [3, 4]. Among these, orifice plates are 

the most commonly used due to their low 

maintenance, ease of installation, and simple 

design [4]. 

The concentric orifice plate, with a 

central hole, is popular for clean flow 

measurement due to its simplicity. Variants 

like eccentric, segmental, and quadrant-edge 

plates serve specific needs, such as handling 

bubbles, particles, and low Reynolds flows. 

Despite these benefits, orifice plates can 

cause adverse effects, including pressure 

drop and vibration [5]. For example, 

Cioncolini et al. found that increasing the 

thickness of the orifice plate can reduce the 

pressure drop [4]. Other studies have 

explored honeycomb-type orifice plates 

with modified thickness and geometry, 

showing reduced pressure and risk of 

cavitation and pipe deformation [6]. 

Research on multi-orifice plates with 

varying thicknesses has also shown more 

stable pressure behavior over a range of 

Reynolds numbers, improving flow control 

[7]. Additional research on orifice 

placement in pipe bends has shown the 

potential to prevent structural damage [8]. In 

contrast, studies on chamfered orifice plates 

have shown that pressure drop varies with 

chamfer angle, with specific angles 

improving flow characteristics [9]. 

Research has shown that using 

orifice plates in piping systems can 

significantly cause pressure drops. This 

phenomenon can negatively impact the 

stability of industrial production and 

distribution processes. Previous studies have 

indicated that to reduce the notable increase 

in pressure drop, adjusting the orifice plate 

from its ISO standard state is essential to 

ensure the piping systemôs efficiency. 

Additionally, existing literature has not 

thoroughly examined the effects of varying 

orifice plate thickness with a beta ratio of 

0.6. Therefore, this study aims to investigate 

fluid flow characteristics as it passes through 

mailto:zames@upnvj.ac.id


 

560  TURBO p-ISSN: 2301-6663, e-ISSN: 2447-250X Vol. 14, No. 02, 2025 

an ISO standard orifice plate with a beta 

ratio of 0.6 and different thicknesses. 

Although many investigations have been 

into orifice plates, further research is needed 

to enhance current knowledge and address 

the adverse effects. The outcomes of this 

investigation are anticipated to furnish a 

foundational framework for future studies in 

this domain. 

2. Methodology 

2.1 Orifice Plate  

As ISO 5167-2 specified, an orifice 

plate is a centrally positioned, perforated 

flow restriction device within a pipeline that 

induces a measurable pressure drop across 

its surfaces. This pressure drop, calculated 

from the difference between upstream and 

downstream pressures, is expressed using 

Equation 1. The D and D/2 pressure tapping 

method is widely adopted, positioning taps 

one diameter (D) upstream and half a 

diameter (D/2) downstream from the orifice 

plate by ISO 5167-2. Given that the orifice 

plate alters the measured mass flow rate, a 

discharge coefficient is applied to correct the 

flow calculation based on the observed 

pressure drop. As delineated by Equation 2, 

the discharge coefficient facilitates a more 

precise estimation of the actual flow rate 

[10, 11]. 
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2.2 Geometries  

This study analyzes fluid flow 

through an orifice plate within a two-

dimensional incompressible system. The 

simulation geometry includes a long 

upstream pipe and a short downstream pipe 

with an orifice plate, designed to ensure 

fully developed flow before reaching the 

orifice and to maintain computational 

efficiency (Figure 1 and Table 1). The 

upstream length is determined using the 

entrance region length defined in Equation 3 

[12, 13]. The orifice plate design follows 

ISO 5167-2, with thickness as the primary 

variable, while the orifice-to-pipe diameter 

ratio (ɓ) is fixed at 0.6 due to its low 

standard deviation and stable pressure 

characteristics in turbulent flow [10]. The 

formula for ɓ is provided in Equation 4. 

 
(a) Long straight pipe upstream 

 
(b) Short straight pipe with an orifice plate 

Figure 1. Detail geometries  

Table 1. Parameter geometries 

Parameter Value (mm) 

D 100.1 

d 60.06 

ɼ 0.6 

4 (baseline) 3.2 

4 4.8 

4 6.4 

4 8 

4 9.6 
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2.3 Governing Equation 

In this study, a Computational Fluid 

Dynamics (CFD) method using the 

Reynolds-Averaged Navier-Stokes (RANS) 

equation with continuity and momentum 

equations as shown in Equations 5 and 6 is 

used [14]. A realizable k-Ů turbulence model 

improves simulationsô accuracy in the 

turbulent regime. This model has proven 

superior to the standard k-Ů model in 

capturing complex phenomena such as flow 

separation, recirculation, and pressure 

gradients. The model uses two transport 

equations: the turbulent kinetic energy (k) 

and the turbulent dissipation rate (Ů); the 
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equation for k follows the standard model 

(Equation 7), while the equation for Ů is 

modified to better account for eddy rms 

fluctuations, details of which are given in 

Equation 8 [15].  
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2.4 Mesh and Boundary Conditions 

A structured mesh composed of 

quadrilateral elements was used in this 

study. Two-dimensional geometrical 

models were constructed, each featuring a 

long upstream pipe and a short downstream 

pipe surrounding the orifice plate. Both 

configurations assumed symmetry to 

simplify the flow domain. Boundary 

conditions were applied to ensure fully 

developed flow at the inlet by specifying 

inlet velocity, applying no-slip conditions 

on all solid walls, and setting zero gauge 

pressure at the outlet. The downstream pipe 

inlet conditionsðvelocity magnitude, 

turbulent kinetic energy (TKE), and 

dissipation rate (Ů)ðwere derived from the 

results of the upstream pipe simulation [16]. 

The orifice plate and all wall surfaces were 

treated as no-slip boundaries. Fluid velocity 

was determined based on the Reynolds 

number range specified by ISO 5167-2 (10  

Ò Re Ò 10 ), as shown in Equation 9. Mesh 

configuration and boundary condition 

details are presented in Figure 2. 

DV
Re

r

m
=  (9) 

(a) Mesh 

(b) Boundary condition of the straight pipe 

(c)  Boundary condition of a short straight 

pipe with an orifice plate 
Figure 2. Detail mesh and boundary condition 

2.5 Mesh Independence Test 

A mesh independence test was 

performed to minimize discretization errors 

across different mesh densities. The present 

study employed three mesh resolutionsð

coarse (50,000 elements), medium (100,000 

elements), and fine (200,000 elements)ðby 

the methodology proposed by Roache [17]. 

The reference parameter for evaluating 

mesh sensitivity was the fluid velocity at the 

coordinate point (x = 0, y = 0). The 

procedure involved calculating the mesh 

refinement ratio (Equation 10), determining 

the order of convergence (Equation 11), and 

computing the Grid Convergence Index 

(GCI) between mesh levels using Equations 

12 and 13. Specifically, GCIfine was used to 

assess the error between fine and medium 

meshes, while GCIcoarse evaluated the 

discrepancy between medium and coarse 

meshes. The resulting values confirmed that 
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all mesh variations fell within the 

convergence range. The lowest numerical 

error, 1.82%, was observed in the fine mesh, 

which was subsequently adopted for the 

main simulations to ensure greater accuracy 

and convergence. 
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Table 1. Grid independency study result  

Mesh Fine Medium Coarse 

Velocity 0.18224 0.18252 0.18282 

p   0.11677  

r  2  

fineGCI   2.24%  

coarseGCI   2.43%  

hf 0r =   0.17898  

p

fine

coarse

GCI

rGCI

  1  

Error 1.82% 1.98% 2.14% 

3. Result and Discussion 

3.1 Validation 

The numerical simulation results 

were checked against the ISO 5167-2 

standard values to ensure their accuracy in 

representing the flow behavior under 

realistic conditions. The discharge 

coefficient (Cd) obtained from the 

simulation was then compared with the ISO 

5167-2 standard data at a beta ratio (ɓ) of 0.6 

for the Reynolds number range of 10  Ò Re 

Ò 10 . As demonstrated in Figure 3, the 

average error of the discharege coefficient 

(Cd) values is within the range of ± 2%, and 

a slight trend difference is observed with the 

ISO 5167-2 standar data at lower Reynolds 

number range (10  Ò Re Ò 3.0Ĭ10 ), likely 

due to numerical instability. At higher 

Reynolds numbers, the results are consistent 

with the trend of the ISO 5167-2 standar 

data. The accuracy tolerance in this study is 

set at ± 5% of the ISO 5167-2 standard data, 

to confirms the validity and reliability of the 

modeling data in subsequent analyses [11]. 

 

Figure 3. The central limit of the confidence interval 

for Cd is established at 5% for each specified 

Reynolds number 

3.2 Analysis 

 

Figure 4. Cd value is determined by orifice plate 

thickness variation across each Reynolds number 

This study considers fluid flow 

through orifice plates of different 
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thicknesses at different Reynolds numbers. 

The flow control efficiency is evaluated 

using the discharge coefficient (Cd), 

showing that the Cd of the ISO 5167-2 

standard orifice plate (baseline) is lower 

than that of other orifice plate thickness 

variations as the Reynolds number 

increases. The most significant increase is 

observed in the 3T configuration (Figure 4), 

consistent with previous studies [18]. 

The pressure distribution is 

normalized by the pressure coefficient 

shown in Figure 5. The Cp value indicates 

that the pressure is high upstream of the 

orifice plate and decreases significantly as 

the fluid passes through the orifice 

(downstream of the orifice plate), reaching a 

minimum value of about -2.5 at x å 0.05 m. 

After that, the pressure recovers and 

stabilizes at about x å 0.5 m. These 

characteristics are in accordance with the 

fundamental theory of orifice plates [6, 11]. 

The pressure drop, which is determined by 

the difference between the upstream and 

downstream pressures, reaches a maximum 

at the base orifice plate, decreases with 

increasing thickness, and reaches a 

minimum at 3T. This trend is manifested as 

an upward shift in the Cp curve. In general, 

thicker orifices reduce the pressure drop and 

improve the flow characteristics. 

 
Figure 5. The value of Cp is indicated along 

the X-axis of the pipe at Re = 104 
The specific pressure drop (ȹP) 

values are shown in Figure 6 and Table 3. 

Based on Figure 6, the Reynolds number has 

a significant effect on ȹP, with higher 

Reynolds numbers resulting in greater 

pressure drop. Furthermore, the base orifice 

plate has the highest ȹP, and ȹP decreases 

with increasing plate thickness. The lowest 

pressure drop is observed at 3T, which is 

approximately 1.35% lower than the base 

orifice plate with the highest ȹP (Table 3), 

these results are in line with previous 

research [18]. Figure 7 illustrates the 

location of the separation and reattachment 

points resulting from the interaction 

between the fluid and the wall (wall shear 

stress). In the upstream region, the 

separation point remains similar across 

various orifice thicknesses due to the 

uniform pipe geometry. The increasing 

trend of the Cf curve downstream indicates 

the formation of a recirculation zone caused 

by flow separation. As the orifice thickness 

increases, the recirculation intensity 

decreases, as evidenced by the shift of the Cf 

peak toward the negative y-axis. The 

downstream minimum point on the Cf curve 

marks the reattachment point (Xr). The 

baseline orifice plate shows the largest Xr 

among the others, and a thicker orifice plate 

results in a shorter reattachment distance, 

especially at 3T. Additionally, increasing 

the Reynolds number shifts the reattachment 

point further downstream, as depicted in 

Figure 8. The present study illustrates the 

fluid flow pattern in Figure 9, where a 

sudden constriction caused by the orifice 

plate leads to flow separation as the fluid 

approaches and passes through the orifice. 

In the downstream region, a recirculation 

zone forms, producing a vortex structure 

that results in a reattachment point where the 

flow re-engages with the surface. The 

formation of a narrow flow region, known as 

the vena contracta, is observed as fluid 

velocity increases through the orifice, 

characterized by a significant velocity rise, 

in accordance with the findings in previous 

research [19]. 

Figure 10 shows the x-velocity 

distribution for each orifice plate thickness, 

where the fluid velocity increases near the 

orifice to approximately ± 0.12 m/s and 

reaches a maximum of approximately ± 0.22 

m/s at the exit, before gradually decreasing 

downstream to a steady state. To further 
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analyze the flow behavior, the velocity 

profiles at selected axial locations are 

presented in Figure 11. At a distance of 0.1 

m upstream of the orifice, the parabolic 

velocity profile indicates fully developed 

flow. Closer to the orifice (0.05 m 

upstream), the velocity increases due to a 

sudden narrowing. At the orifice plane (x = 

0 m), flow separation is observed, 

characterized by negative velocities near the 

wall and an overall increase in velocity. The 

maximum velocity occurs at a distance of 

0.05 m downstream, where the pressure drop 

near the orifice wall drives the formation of 

a recirculation zone, as also observed in the 

streamline and velocity contour plots. 

Further downstream (0.5 m), the velocity 

profile returns to a fully developed state. In 

addition, the orifice plate thickness 

significantly influences the downstream 

velocity distribution, especially at a distance 

of 0.05 m downstream. 

 
Figure 6. Pressure drop value of orifice plate 

thickness variation 

 

 
Figure 7. Friction coefficient (Cf) distribution of 

orifice flow at Re = 104 

 

 
Figure 8. Reattachment point of the orifice plate 

thickness variation at each Reynolds number 

Table 2. Pressure drop value of orifice plate thickness variation at each Reynolds number 

Re ȹP (T) ȹP (1.5T) ȹP (2T) ȹP (2.5T) ȹP (3T) 

10000 22.22784235 21.92820659 21.54616955 21.11355225 20.70367224 

20000 89.96144807 89.42889839 88.49282403 87.33719626 86.25819015 

30000 202.7278173 202.0061449 200.4286819 198.410804 196.5171445 

50000 562.9555982 561.8356552 558.4538762 553.7400539 549.4659303 

70000 1103.519606 1101.916685 1096.011881 1087.492336 1079.87516 

100000 2252.045831 2249.838797 2238.651206 2222.65302 2208.43613 

300000 20458.94817 20463.43867 20375.86119 20253.84684 20149.80945 

1000000 229831.9852 229900.0599 229087.0856 227871.6059 226871.1024 

Average  31815.54644 31823.80662 31708.31643 31537.02496 31395.27101 

Deviation 
 

0.03% 0.34% 0.88% 1.35% 
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(a) Orifice plate with a thickness of T (b) Orifice plate with a thickness of 1.5T 

  
(c) Orifice plate with a thickness of 2T (d) Orifice plate with a thickness of 2.5T 

 
(e) Orifice plate with a thickness of 3T 

Figure 9. Streamline contour at Re = 104 

  
(a) Orifice plate with a thickness of T (b) Orifice plate with a thickness of 1.5T 

  
(c) Orifice plate with a thickness of 2T (d) Orifice plate with a thickness of 2.5T 

 
(e) Orifice plate with a thickness of 3T 

Figure 10. X-velocity contour at Re = 104 

 

 

(a) Orifice plate with a thickness of T (b) Orifice plate with a thickness of 1.5T 


