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Estimation of Discharge Coefficient in Orifice Meter 
by Computational Fluid Dynamics Simulation
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Abstract—Orifices are devices for measuring mass flow rates of 
liquids in pipes. The discharge coefficient is an important design 
characteristics of orifice. In this work, analysis of flow through 
an orifice is simulated using ANSYS Fluent computational fluid 
dynamics (CFD) software. Three cases with different ratios of 
orifice bore diameter to pipe diameter have been investigated. The 
discharge coefficient for each case was estimated, and the results 
have been compared to empirical correlation. The results show that, 
for installing an orifice, the suitable point should be selected for the 
location of pressure tapping. CFD was also used for the prediction 
of vena contracta after the orifice. It shows that the location of 
vena contracta is affected by the size of the orifice bore and can be 
determined from the velocity data.

Index Terms—Computational fluid dynamics, Discharge 
coefficient, Orifice, Velocity.

I. Introduction
An orifice meter comprises of an orifice plate, a holding 
device, downstream and upstream meter piping, and pressure 
taps. The orifice plate is placed between two flanges, which 
uses as holding system. The sharp-edge orifice is common 
because of its simplicity in design and financially (low cost). 
Furthermore, sizing of orifice relies on flow measurement 
criteria to be achieved. Three classes of problems involving 
orifices are: (1) Unknown pressure drop, (2) Unknown flow 
rate and (3) unknown orifice diameter. And each of these can 
be determined having known the other two parameters. For 
example, for design problems when the orifice diameters is 
unknown, the size is determined for a specified (maximum) 
flow rate of a given fluid in a given pipe with a pressure drop 
device that has a given (maximum) range.

For the purpose of flow measurement by an orifice, the 
accuracy of the discharge coefficient has greater importance. 
The discharge coefficient is a dimensionless number used to 
characterize the flow and pressure loss behavior of orifices 

in fluid systems. The discharge coefficient, Cd, varies 
considerably with changes in area ratio and the Reynolds 
number [1]. Finding the discharge coefficient of a specific 
orifice requires precise measurements. With the help of 
computational fluid dynamics (CFD), the task becomes 
easier. Tukiman et al. done a CFD simulation on the shape of 
velocity and pressure profile in orifices [2]. Other researches 
attempted to study the effect of orifice to pipe diameter by 
both CFD and experimental measurements [3,4].

A fluid system analysis by CFD comprises of solving 
partial differential equations (PDEs). For all practical 
purposes, the PDEs encountered cannot be solved explicitly. 
Rather a numerical solution of them is advantageous. CFD 
integrates the disciplines of fluid mechanics with mathematics 
and also computer science for the purpose of numerical 
solution of PDEs [5].

The governing equations that describe fluid systems 
represent mathematical statements of the conservation laws 
of physics, namely, conservation of mass, momentum, 
energy, and species [5].

The equation for conservation of mass, or continuity 
equation, can be written as follows [6]:
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Conservation of momentum in an inertial (non-
accelerating) reference frame is described by Navier–Stokes 
equations for Newtonian fluids [7]:
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F  is the external force vector. The stress tensor is 


τ given by:
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For simple cases where the fluid is incompressible 
and energy and mass transfer is not important, these two 
equations are enough.

II. Problem Setup
Every CFD simulation is performed in four steps:
1. Pre-processing (creating geometry and generating the 

desired mesh).
2. Setting up the domain and boundary conditions.
3. Solving the PDE by discretizing.
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4. Post-processing and analysis of results.

The geometry here is composed of a section of pipe with 
an orifice that was created using built-in ANSYS CAD 
software. The pipe is 0.1m in diameter. The length of the 
pipe was set sufficiently long to minimize the entrance 
effects. In many pipe flows of practical engineering interest, 
the entrance effects become insignificant beyond a pipe 
length of 10 diameters, and the hydrodynamic entry length is 
approximated as follows [8]: 

Lh,turbulent=4.4R e
1

6  D (4)

Therefore, to ensure fully turbulent flow just before the 
orifice, the pipe was considered 5.0m long and the orifice plate 
was centered at the pipe. The investigation involves simulation 
of three different sizes of concentric orifice with bore 
diameters, d, equal to 0.03 m, 0.04 m, and 0.05 m (Fig. 1).

CFD requires the subdivision of the domain into a 
number of smaller, non-overlapping subdomains to solve 
the flow physics within the domain geometry that has been 
created [5]. The generated mesh is shown in Fig. 2.

The next step in CFD simulation is setting up the solver. 
The steady state solver is activated for the problem described 
here. Since almost all technical flows are turbulent, a suitable 
model to represent the turbulence should be selected. 
Averaging procedures are widely applied to the Navier–
Stokes equations with RANS as the most used method. 
However, the averaging process introduces additional 
unknown terms into the transport equations (Reynolds 
Stresses and Fluxes) that need to be provided by suitable 
turbulence models (turbulence closures) [7]. 

The k-epsilon turbulent model is a two-equation model 
with standard wall treatment and is applied here for turbulent 
modeling in the flow domain.

The effect of gravity was also inserted into the model by 
setting gravitational acceleration equal to −9.81 m2/s in the 
negative y-direction. 

The flowing fluid through the pipe is water with constant 

properties of density ρ=998.2
kg
ma  and dynamics viscosity 

μ=1.003×10−3
kg
ms . Water enters the pipe with a uniform 

velocity of 0.2 m
s

 from the left side and exits on the right 
side to air with static gauge pressure of 0 Pa. It is worth 
mentioning that all pressures, here, are gauge pressure 
relative to the atmospheric pressure.

III. Results and Discussion 
After the simulation converged, the solution was analyzed 
in post-processing step. To distinguish between each orifice 
size, a parameter called area ratio, β, is defined as the ratio of 
orifice bore diameter to pipe diameter:

β=
d
D

 (5)

For orifice plate installations, the discharge coefficient 
will vary depending on the location of the pressure 

tappings. Two common arrangements are tapping points 
at 2.5 pipe diameter upstream and 8 pipe diameter 
downstream (type 1) and tapping points at 1 pipe diameter 
upstream and half a pipe diameter downstream (type 2) as 
shown in the Fig. 3:

To calculate the discharge coefficient, Cd, the Bernoulli 
equation and mass conservation equation must be solved 
simultaneously:
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Another way to find the discharge coefficient is by 
empirical correlation. The following correlations [9] are used 
for the validation of the CFD data for the calculation of 
discharge coefficients:

For tappings at 2.5D and 8D:

Cd = 0.5959+0.461β2.1−0.480β6+
ρ
µ
VD

= 19904  (7)

For tappings at 1D and 0.5D:

Cd = 0.5959+0.461β2.1−0.184β6 0 039
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Fig. 2. A schematic of the pipe and orifice with generated mesh.

Fig. 3. Common pressure tapping locations in orifice installation.

Fig. 1. Sharpe edge orifices with different bore diameter, d . 
(a) d=0.03 m, (b) d=0.04 m, (c) d=0.05 m

a b c
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Where Re is the Reynolds number in both correlations and 
equal to:

Re= ρ
µ
VD

= 19904  (9)

Table I summarizes the results for discharge coefficient of 
each orifice size.

It is evident from this table that increasing the orifice bore 
diameter, will increase the discharge coefficient. Furthermore, 
the value of discharge coefficient has less deviation from 
the correlation values when tappings are located at further 
distances of the orifice. 

Another aspect of orifices is the vena contracta effect. By 
definition, vena contracta is the point where velocity reaches 
its maximum value. The coordinate of vena contracta, 
maximum velocity, and pressure at that point for three classes 
of orifices is shown in Table II.

The results show that the vena contracta point displaces 
further away from the orifice with increasing orifice bore 
diameter, as represented in Fig. 4.

TABLE II
Coordinate, Velocity, and Pressure at Vena Contracta Point

β Vena contracta coordinate
u m

smax ( )

Pressure at VC (Pa)

0.3 [0.0102, −0.0006, 0.0007] 2.92524 −291.889
0.4 [0.0167, 0.0003, 0.0000] 1.67514 −186.721
0.5 [0.0308, 0.0018, 0.0020] 1.09111 −127.904

Fig. 4. (a-c) Vena contracta location (crossed lines) and contours of 
velocity around the orifice.

a b

c

TABLE I
Discharge Coefficient Calculated from the CFD Result and Empirical 

Correlaiton

Variable Orifice 1: β=0.3 Orifice 1: β=0.4 Orifice 1: β=0.5
Pressure at 2.5D 
upstream (Pa)

4087.98 1200.99 442.554

Pressure at 8D 
downstream (Pa)

12.9323 12.9658 12.8091

Pressure at 1D 
upstream (Pa)

4086.78 1199.81 441.384

Pressure at 0.5D 
downstream (Pa)

−417.805 −222.999 −130.375

Tapping at 2.5D 
and 8D

Theoretical Cd 0.7056 0.6774 0.6473
Experimental Cd 0.6354 0.6678 0.7082
% error 11.048 1.44 8.6

Tapping at 1D and 
0.5D

Theoretical Cd 0.7419 0.7426 0.7466
Experimental Cd 0.6008 0.6053 0.6106
% error 23.48 22.68 22.27

IV. Conclusion
Simulation is a powerful tool for predicting the flow behavior 
in industrial applications. Many designs, before a final 
product is emerged, should be studied by simulating them 
in a computer. This is to lower the cost of production, and 
on the other hand, to study the effect of many parameters 
that influence the performance of the product. Three sizes 
of orifice were investigated in this work, and the effect of 
size on discharge coefficient and vena contracta location was 
studied. Other factors such as the effect of pipe diameter, 
Reynolds number, fluid properties, and temperature effects 
could also be demonstrated by CFD modeling.
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