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Abstract 
This paper intended how to reduce the problem of control valves. The control valve is an 
important component of the total process control loop, and proper valve sizing is essential for 
this final control element to fulfil its role. The correct process data and accurate knowledge of 
maximum and minimum flow conditions can reduce the problems of control valve. Selection of 
correct valve sizing, flow phenomena of fluid like laminar flow, turbulent flow, Newtonian & no- 
Newtonian fluid etc. are the problem reduction points. The study of control valve sizing is based 
on the science of fluid dynamics. The information in this paper is an overview of current 
knowledge, which is continually growing. 
them. 
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INTRODUCTION 

This paper intended how to reduce the problem of control valves.  The control 

valve is an important component of the total process control loop, and proper valve 

sizing is essential for this final control element to fulfil its role. The correct process data 

and accurate knowledge of maximum and minimum flow conditions can reduce the 

problems of control valve. Selection of correct valve sizing, flow phenomena of fluid like 

laminar flow, turbulent flow, Newtonian & non Newtonian fluid etc. are the problem 

reduction points. The study of control valve sizing is based on the science of fluid 

dynamics. The information in this paper is an overview of current knowledge, 

which is continually growing. 

PROBLEMS FACED IN CONTROL VALVES 

 CAVITATION  
 FLASHING  
 NOISE  
 CHOKED FLOW  

 

Cavitations :  

Cavitation happens between the two-stage process of vaporization and 

condensation of a liquid. Cavitation is destructive phenomena in control valve. As 

fluid passes through a valve just downstream of the orifice area, there is an 

increase in velocity or kinetic energy that is accompanied by a substantial 

decrease in pressure or potential energy. This occurs in an area called the VENA 

CONTRACTA. If the pressure in this area falls below that of the vapor pressure of 

the flowing fluid, vaporization (boiling) occurs. Vapor bubbles then continue 

downstream where the velocity of the fluid begins to slow and the pressure in 

the fluid recovers. The vapor bubbles then collapse or implode. The occurrence 

of cavitation within a valve can have a significant effect of valve sizing procedure. 

FLASHING : 

When the vapor pressure downstream of a control valve is less than the 

upstream vapor pressure, part of the liquid changes to a vapor and remains as a 

vapor unless the downstream pressure recovers significantly. This is called 

Flashing the vapor bubbles along with the fluid (dual face flow) can also cause 

mechanical damage to the valve and piping system. These two related cavitations 

& Flashing physical phenomena can limit flow through the valve in many 

applications and must be taken into account and order to accurately size a valve.  

Structural damage to the valve and adjacent piping may also result. The physical 

phenomena level is used to describe flashing and cavitation because these 

conditions represent actual change in form of fluid media. The physical 



phenomena label is used to describe flashing and cavitation because these 

conditions represent actual changes in the form of the fluid media. The change is 

from the liquid state to the vapor state and results from the increase in fluid 

velocity at or just downstream of the greatest flow restriction, normally the valve 

port. 

 

         Fig-1 

CAVITATESD TRIMS : 

 

              Fig.-2 



  

Fig.-3 

How to reduce cavitations & Flashing- 

“By using anti cavitating trims effect of cavitations can be reduced. The pressure 

reduction is done in stages to decrease the velocity by providing a volume in between. 

By doing this the pressure never falls below the vapour pressure of the liquid.” The first 

is to eliminate the cavitation and thus the damage by managing the pressure drop. If the 

pressure drop across the valve can be controlled such that the local pressure never 

drops below the vapor pressure, then no vapor bubbles will form. Without vapor 

bubbles to collapse, there is no cavitation. To eliminate cavitation the total pressure 

drop across the valve is split, using multiple–stage trims, into smaller portions. Each of 

these small drops keeps its vena contracta pressure above the vapor pressure so no 

vapor bubbles are formed as shown in the figure-2 & 3. Flashing and cavitation is the 

answer to that very first question because it can occur with very clean and clear water 

with the potential to cause severe erosion damage to valves, piping and other 

equipment even without any erosive solids in the water. Figure 4(a) shows an 

undamaged post-guided control valve plug and a damaged plug that has been severely 

eroded by flashing Figure 4(b). Note how the damaged surfaces of the plug on the right 

appear shiny and scalloped and how the bevelled seating surface  is completely missing. 

This illustrates how severe flashing damage can be despite the pureness of the medium.  
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              Fig. -5 
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 Noise in control valves: 

Noise generated by control valves can come from multiple sources that 

contribute to the overall noise level. Mechanical noise sources include piping 

and plug instability noise. More prevalent is aerodynamic noise that is 



generated by the release of energy from the pressure drop (∆P) of the fluid, 

flow turbulence, flow path obstructions, rapid expansions or decelerations of 

the flow, or directional changes.Noise is the result of energy dissipation in the 

control valve. The major sources of control valve noise are 

– Mechanical vibration of components  

– Hydrodynamic noise 

– Aerodynamic noise. 

“Regulators with high flow and large pressure drop generate noise.” Noise 

can wear parts which can cause the failure and or inaccurate control.“Mechanical 

Noise Vibration of valve components is a result of random pressure fluctuations 

within the valve body and/or fluid impingement upon the movable or flexible 

parts. Noise that is a by-product of vibration of valve components is usually of a 

secondary concern and may even be beneficial since it warns that conditions 

exist which could produce valve failure. Mechanical vibration has for the most 

part been eliminated by improved valve design and is generally considered a 

structural problem rather than a noise problem.” 

“Vibration of valve components is a result of random pressure fluctuations 

within the valve body and/or fluid impingement upon the movable or flexible 

parts. Noise that is a by-product of vibration of valve components is usually of a 

secondary concern and may even be beneficial since it warns that conditions 

exist which could produce valve failure. Mechanical vibration has for the most 

part been eliminated by improved valve design and is generally considered a 

structural problem rather than a noise problem.” 

HYDRODYNAMIC VALVE NOISE: 

“The major source of hydrodynamic noise (i.e., noise resulting from liquid flow) 

is cavitation which is caused by implosion of vapor bubbles formed in the 

cavitation process. Noise is produced by the energy dissipation of the imploding 

bubbles. Noise produced by cavitation in a valve has a broad frequency range, 

however, it can have appreciable energy at frequencies below 600 Hz. Cavitation 

noise is often described as a rattling sound similar to that which would be 

anticipated if gravel were in the fluid stream.”  

AERODYNAMIC NOISE: 

“The major source of aerodynamic valve noise (i.e., noise resulting from gas 

flow) is a by-product of a turbulent gas stream. A control valve controls gas flow 

by converting potential (pressure) energy into turbulence. Most of the energy is 

converted into heat; however, a small portion of this energy is converted into 

sound.” 



Noise control employs either source treatment, path treatment, or both. Source 

treatment, preventing or attenuating noise at its source, is the most desirable 

approach, if economically and physically feasible. The upper view shows a cage 

with many narrow parallel slots designed to minimize turbulence and provide a 

favourable velocity distribution in the expansion area. This economical approach 

to quiet valve design can provide 15 to 20 dBA noise reduction with little or no 

decrease in flow capacity. The trim design can reduce the valve noise by as much 

as 30 dBA.  

CHOKED FLOW: 

“This condition exists when at a fixed upstream pressure the flow cannot be 

further increased by lowering the downstream pressure. Fluids flow through a 

valve because of a difference in pressure between the inlets (Pl) and outlet (P2) 

of the valve. This pressure difference (∆P) or pressure drop is essential to 

moving the fluid. Flow is proportional to the square root of the pressure drop. 

Which means that the higher the pressure drop is the more fluid can be moved 

through the valve. “Cavitation is a purely liquid flow phenomenon gases cannot 

cavitate. Choked flow may occur as a result of cavitation. Choked flow occurs 

when the normal relationship between flow and increased pressure drop is 

broken. With choked flow, an increase in pressure drop by decreasing the 

downstream pressure does not result in more flow through the restriction Basic 

valve sizing equations imply that, for a given valve, flow should continually 

increase by simply increasing the pressure differential across the valve. In 

reality, the relationship given by these equations holds true for only a limited 

range. As the pressure differential is increased, a point is reached where the flow 

increase stops. This condition of limited maximum flow is known as choked flow. 

 

“If the inlet pressure to a valve remains constant, then the differential pressure 

can only be increased by lowering the outlet pressure. For gases and steam, 

which are compressible fluids, the maximum velocity of the fluid through the 

valve is limited by the velocity of the propagation of a pressure wave which 

travels at the speed of sound in the fluid. If the pressure drop is sufficiently  high, 

the velocity in the flow stream at the Vena Contracta will reach the velocity of 

sound. Further decrease in the outlet pressure will not be felt upstream because 

the pressure wave can only travel at sonic velocity and the signal will never 

translate upstream. “ 

 

 

 



CONCLUSION 

It was found that in the control valve without trim, a sudden pressure drop 

occurs between the seat and the plug while, after adding the trims, a multi-stage 

pressure drop occurs around the trims and the fluid’s local pressure reaches the 

saturation vapor pressure in fewer regions. It should be obvious at this point that 

there are fundamentals to the understand in order to properly select and apply a 

gas regulator to do a specific job. In all the cases, at valve stem travels of less than 

75%, cavitation occurs over the seat at the outlet section of the valve. In general, 

the addition of one and two stage trims significantly reduces the cavitation 

intensity relative to the valve without trim and delays the occurrence of 

cavitation. However, there is not much difference between the two and three 

trims’ cases in terms of the intensity and initiation point of cavitations.  Another 

important rule is to make sure that the maximum required flow capacity for the 

valve does not exceed 85% of the valve’s maximum rated capacity  This is 

because there is a typical tolerance of ±10% between what is advertised as the 

maximum Cv number and what actually is the Cv of the particular valve.  
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