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Abstract 

This paper gives a review on CFD analysis of control valve. Control valve is most commonly used final control element to regulate 

material flow in a process, the quality of the product is depending on final control element. At different throttling condition of 

valve opening can be analyzed using ANSYS-CFD. Control valves such as globe valve, Right angle globe valve, Butterfly valve 

are analyzed using CFD. The stiction, positioner overshoot, non-linearity of flow characteristic, corrosion are the problems of 

control valve. The presence of non-linearities such as stiction, dead band and backlash in control valve limits the performance. 

Process industries as like pulp and paper mills, chemical industries etc in that stiction might be caused by an over tight valve stem 

seal, by sticky valve internals. So in some critical situation, the corrosion and the stiction of the valve which causes the waste of 

the product or gives the poor quality of the product, so there is need to be diagnose these type of problems and proper solution 

must be required. By considering the ideal condition, with the boundary conditions the analysis of the fluid characteristic can be 

observed.  
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Control valve is most commonly used final control element to regulate material flow in a process. The quality of the product is 

depending on final control element. Process plants consist of hundreds, or even thousands, of control loops all networked together 

to produce a product to be offered for sale. Each of these control loops is designed to keep some important process variable such 

as pressure, flow, level, temperature, etc. within a required operating range to ensure the quality of the end product. 

The control valve manipulates a flowing fluid, such as gas, steam, water, or chemical compounds, to compensate for the load 

disturbance and keep the regulated process variable as close as possible to the desired set point. A control valve acts as a variable 

resistance in a pipeline and provides a pressure drop, often referred to as throttling. 

Analysis of fluid flow of valve by using the CFD method, the control valve problem can be analyzed by different point. 

Flow coefficient Cv, which is defined as the number of gallons per minute of water at room temperature which will pass through 

a given flow restriction with a pressure drop of 1 psi. [1] 

𝐶𝑣= 
𝑞

√∆𝑃
𝐺⁄

⁄
.......(1) 

Where, 

Cv=Flow coefficient 

q = volumetric flow rate through valve(gal/min) 

∆P = pressure drop across valve (psi) 

G = Specific gravity 

Plug is a movable part which provides a variable restriction in a port. According to shape of the plug the flow characteristics are 

differ as shown in below figure. 

 
Fig. 1: Valve Plug Design Characteristics [1] 
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The flow characteristic of a valve refers to the relationship between the fluid flow through the valve and the percentage travel 

or movement of the valve plug stem(valve lift). Valve plugs are produced in a variety of shapes and forms, each with a particular 

flow characteristic in mind. They can be designed to produce all forms of flow characteristics from "on - off" service to any desired 

form of throttling action, the choice of which depends upon the process to be controlled. To generalize, there are three main types 

of flow characteristics two of which have relevant modifications. [1] 

1) Quick opening. 

2) Linear. 

3) Equal percentage. 

 

 
Fig. 2: Control Valve Characteristics [1] 

Control valve problems can severely affect control loop performance and, unless eliminated, they can make controller tuning a 

challenging task. Some problems are quite obvious to trained eye and can easily be detected by loop performance assessment 

software. Others can be more difficult to detect without running specific tests. 

Control valves are found at a high frequency in poorly performing control loops. As deadband, stiction, positioner overshoot, 

incorrect valve sizing, nonlinear valve characteristic. 

Computational Fluid Dynamics is the analysis of systems involving fluid flow, heat transfer and associated phenomena such as 

chemical reactions by means of computer-based simulation. This technique is very powerful and spans a wide range of industrial 

and non-industrial application. CFD codes can produce extremely large volumes of results at virtually n added expense and it is 

very cheap to perform parametric studies for instance to optimise equipment performance.  [2] 

ANSYS Fluent is a state-of-the-art computer program for modeling fluid flow, heat transfer, and chemical reactions in complex 

geometries. ANSYS Fluent provides complete mesh flexibility, including the ability to solve your flow problems using 

unstructured meshes that can be generated about complex geometries with relative ease. [2] 

II. LITERATURE REVIEW 

 Numerical Simulation of Fluid Flow inside the Control Valve: 

In this paper authors have proposed a flow control valve designed and modelled to reduce effect of vibration and intensive noise. 

The internal profile of the valve sample with certain control properties is designed in Catia software and then analyzed using CFX 

software. Cage is directly designed with Catia software and flow path in valve is designed after several trial and error procedures. 

The inlet and outlet pressure are applied to the valve in each step and flow rate in opening percentage is obtained under specified 

pressure drop by CFX. By comparing with control valve installed in the Aghar gas control path, it was clear that the results of 

software have the maximum difference of 2% with the original sample. [3] 

 Optimization of Internal Flow Channel of a Right-Angle Globe Valve Based on CFD: 

In this paper authors have proposed the numerical simulation for the noise performance of a RGV (Right-Angle Globe Valve) by 

adopting CFD common software – Fluent. As a control component of the system, hydraulic valves may frequently be a source of 

noise. The flow is accelerated due to contraction, pressure falls, vortex appears and cavitations can occur. The fluid is assumed to 

be incompressible and the opening ratio of the valve is 50% and the velocity is 4m/s, total pressure of 0.1 MPa is chose for the 

outlet boundary condition. Cavitation noise of RVG emerges when the opening size is small, thus the noise performance of the 
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valve has been improved significantly after optimization. By analyzing the simulation results, it can be found that the sound power 

level of the fluid dynamic noised has been reduced by over 5dB in the same working condition after optimization, and cavitation 

number has decreased by over 40% when the opening size is less than 50%.[4] 

 Design and Analysis of Globe Valve as Control Valve Using CFD Software: 

In this paper authors have proposed the modeling and simulation of the globe valves. The flow system with globe valves is complex 

structure and has non-linear characteristics, because the construction and the hydraulic phenomena are associated of globe valves. 

The results of the three-dimensional analysis can be used in the design of low noise and high efficiency valve for industry. Problem 

discussed in this paper is about difficulty in manual operation and controlling flow of fluid. CFD analysis is performed to analyze 

the effect of shapes of plug and seat on the flow. The three-dimensional CFD simulations were conducted to observe the flow 

patterns and to measure valve flow coefficient when globe valve with different flow rate and constant pressure drop across the 

valve were used in a valve system. [5] 

 Flow Analysis of Butterfly Valve Using CFD: 

In this paper, the study of 8”and 20” valves performance factors and results obtained by analysis as well as from the load bearing 

capacity of the valve. Butterfly valve is a type of control valve which is used for isolating or diverting the flow. The working 

mechanism takes place from the disc. The valve body comprises of disc, which also controls the flow of fluid through various 

angles of opening. The predicted performance factors for flow and mechanical properties are then studied for efficient flow 

analysis. The boundary conditions such as flow rate, fluid properties, valve angle opening etc depends on the mesh geometry which 

also depends on the mesh quality and the iterations of mesh geometry. The performance factors were also calculated and whole 

flow analysis is carried out for 3 different angles of disc 10, 50 and 90 degrees.  [6] 

III. LAMINAR FLOW SIMULATION 

There are mainly three types of flow behaviors. 

1) Laminar flow 

2) Transient flow 

3) Turbulent flow 

Reynolds number(Nr) is used to study fluid flow. 

𝑁
𝑟= 

𝑉𝐷𝜌
𝜂⁄
.......(2) 

Where,  

        = velocity of fluid (m/s) 

         = diameter of pipe (m) 

         = Density of water (kg/m^3)  

         = Dynamic viscosity (kg/ms)  

If, Nr < 2000, Laminar flow 

2000<Nr<4000, Transient flow 

Nr > 4000, Turbulent flow 

Fluid flow through the the valve which can be gas, liquid or solid. 

Here, for Laminar flow of fluid through the pipe using ANSYS-FLUENT analysis is done. CFD analysis the ANSYS-FLUENT 

workbench window is as shown in figure. 
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Fig. 3: ANSYS-FLUENT Workbench Module 

 Properties of fluid 

Fluid Type: Air 

Density: 1 kg/m^3 

Viscosity: 0.002 kg/m-s 

Temperature: 288.16 k 

Velocity: 1 m/s 

 Simulation Result 

The result of laminar flow through the pipe is as shown in figure. 

 
Fig. 4: Velocity Vectors Colored by Velocity Magnitude 
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Fig. 5: Static Pressure V/S Position(Pipe) 

 
Fig. 6: Density v/s position(pipe) 

From the analysis of laminar flow through the pipe, we can see the behaviour of the air through the pipe and graphically we 

analyzed that static pressure, axial velocity and density of the air. 

IV. CONCLUSION 

ANSYS-CFD is the most advanced form of analysis which gives the results of complete flow analysis. The flow may be 

incompressible or compressible and the boundary conditions may vary from single and multi-phase phenomena. Without any 

experimental analysis, the product can be analysed using CFD. Using CFD analysis, in control valve there is minor change in shape 

or structure of internal body part, the effective analysis can be obtained. 
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