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INTRODUCTION 
In Process applications, to regulate the fluid flow, for 

throttling the process fluid and to cease the fluid flow a 

mechanical control valve is imperative. Typical Valve 
is shown in Fig.1. Is designed using pipe data-Pro 14.0 

ASMEB16.10 

flanged valves. 

The fluid enters 

through the 

upstream port 

and leaves 

through the 

downstream 

port. The valve 

plug seated into 
the valve seat is 

labeled as 100 

percent closed.  
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The Actuating signal is applied at the bottom side of 

the actuating element (diaphragm) since the valve is 

normally closed valve. With increasing actuating 

signal ranging between 3Psi to 15 Psi, the valve stem 

is travel from fully closed to fully open.  
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ORIGINAL ARTICLE 

ABSTRACT Background: Control valve is the significant component in closed loop process control 

applications. The loop performance is impacted by the control valve. The ideal characteristics will differ 

from installed characteristics. The valve should exhibit the Ideal characteristics with no external load 

influences. This paper considered quick opening trim valves. The valves are ¾ inch size operating with 
quick opening trims. The fluid throttling through the control valve is recorded with varying suction head 

pressure. The fluid flow rate at 100 percent open is estimated as2.201 for quick opening control valve. 

With varying input signal to the actuating element of the control valve, the inflow rate, outflow rate, 
upstream and downstream pressures, valve capacity (CV) are computed, and the differential pressure 

developed across the control valve is characterized. Fluid velocity is also estimated across the control 

valve. With the results achieved quick opening control valves, these valves are reliable for tight shutoff 

applications.  
Key words: Control valve, ideal characteristics, Fluid flow rate, Upstream pressure, downstream 

pressure, valve capacity, fluid flow velocity. 
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The plug is attached to the Valve stem which will lift 

the plug to allow the fluid to throttle through the 

valve body. The performance and characteristics of 

the control valve are influenced by the shape of the 

valve plug. 

 

Control valve flow characteristic curve is determined 

by the amount of valve stem travel to the 

corresponding flow of fluid through the valve. The 

valve is testing on bench i.e in testing laboratory; 

exhibiting characteristics are labeled as Ideal or flow 

lift or inherent characteristics of a control valve. The 

valve opening percentage against maximum flow 

coefficient represents the inherent characteristics of a 

control valve. The flow coefficient (Cv) is estimated 

with varying stem position. Quick opening type of 

valve plugs are deliberated during experimental 

process. 

 

With quick opening valve, small valve stem travel 

results maximum amount of fluid is throttling 

through the Valve body. To produce rapid maximum 

flow, specifically for emergency shut off applications 

quick opening control valve is a good choice.  In 

process applications, the total pressure drop is much 

influenced by the control valve, and then linear valve 

plug is a good choice. The Valve plug may produce 

constant pressure drop across the control valve. The 

response of the control valve is consistent only under 
constant deferential pressure.  The valve coefficient 

and volumetric flow rate of the fluid is estimated 

with varying stem positions. 

 

VALVE PARAMETER ANALYSIS 
Quick opening control valves isconsidered.  The pipe 

cross sectional area and fluid flow cross sectional area 

of control valve is imperative to determine 100 percent 

opening of a control valve.   

 

Area of cross section of a pipe or upstream port of a 

control valve A UP = (π /4) d2  Eq1 

 

Area of cross section of a control valve for fluid flow 

ACV= (π /4) dcv
2

    Eq2  

 

The percentage of valve opening is represented as  
 

CVo=  ACV/ A UP =  ( dcv / d )2 ×100  Eq3  

 

The process fluid moves in a control valve through 

reduced area, so the flow of fluid is contracted. The 
minimum cross sectional area of a control valve is 

considered i.vena contracta.  The upstream and 

downstream of this vena contracta will differ the 

flow process. The flow process changes at center line 

are very small, hence the flow changes at elevation 

are neglected. The flow passage area of the control 

valve is significant because the flow velocity is 

dependent with flow passage area of the control 

valve. The relationship is inversely proportional. The 

flow velocity will increase inversely proportional to 

the fluid passage area of the control valve. The fluid 

flow velocity is estimated across the control valve. 

 

The Fluid Pressure is dropped to minimum level at 

the point of restriction and at which the velocity of 

the fluid is increased to a maximum level.  The 

process fluid at downstream of Vena contracta is not 

same at several pipe diameter from the downstream.  

The Velocity and pressure of the fluid can be 

recovered when the upstream pipe diameter is same 

as the downstream diameter.  Significant drop in 
pressure across the restriction of process fluid flow, 

results specific amount of heat energy is loss and 

subsequently internal energy is loss. More restriction 

results more loss of both internal and heat energy. 

This loss is directly proportional to square of the 

velocity of fluid flowing through the constrictive area 

of a control valve. This can be represented in eq.4. 

 

 H = C × ρV2 /2    

 Eq.4 

 

Where ‘C’ is head loss coefficient. 
The head loss is considered very small when the 

Control valve is 100 Percent open. When valve is 

fully open than the actual fluid flow, the head loss is 

imperative.   

The head loss coefficient is estimated using Eq. 5 

C= hl( 2g/ V2 )    Eq.5 

 

Where hl = height of the control valve from the 

reservoir.  

The Coefficient of the control valve is represented as  

Cv = A2 Square root of  ( 2/ ρwater ×KI )  
     Eq.6 

The density of water ρfluid= Specific gravity ( G) 

×ρwater     Eq.7 

The volumetric flow rate Q= Cv * Square root of ( 

P1-P2/ G)    Eq.8   

 

The head loss coefficients for ball and globe valves 

are taken from the pipe data- pro flow loss 

coefficient table.  

For fully open ball valve, the head loss coefficient is 

=0.05 

For fully open globe valve, the head loss coefficient 
is =10 

 

 
 

Fig.3.1. ¾ inches flanged gate valve ASME B16.10 

Wedge shaped valve plug is specifically used for ON-

OFF applications. This plug will lift from fully open to 
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fully closed using valve stem. Applying for continuous 

ON-OFF operations may limit the efficiency of valve 

plug and valve seat. The plug size of double flanged 

gate valve is The ratio of Process fluid density and 

water density which is neglected in this paper. Because 

the process fluid is water. The pressure loss is 

estimated with varying flow rate values using 
 Eq.9 

∆P = (Specific gravity of process fluid ×square of the 

Actual Flow rate)/ Square of flow coefficient    Eq.10 

 

The flow coefficient (Cv) represents number of gallons 

of water flowing through the control valve in a minute 

under pressure drop of 1PSI.  

 

1 PSI pressure drop = 2.31 feet water head.  

 

With a pipe diameter i.e upstream and downstream 

port of the control valve diameter is 20 mm; the fluid 
flow velocity is estimated using valve coefficient CV 

and the flow coefficient KV is also estimated using 

Eq.14 

 

KV= Volumetric Flow rate (Q) ×. Square root of 

(Density of fluid/ Density of water (1000) ×∆P)]

 Eq.11 

 

From the Standard charts Precisely Cv= 0.86497767 

×Kv     Eq.12 

 
The Pressure differential across the control valve is 

estimated using known KV value  

 

 Eq.13 

 

The pressure ‘P’ is calculated  

 P= Fluid Head in meters (H) × Density of fluid × g / 

100000                    Eq.14 

 

The Total Pressure loss is estimated using Eq.15 

Total Pressure loss in PSI= H fluid × SG × 2.311 
     Eq.15  

 

 

Experimental Results and Analysis 

Table 4.1. Quick opening control valve  

 

 
 

Table 4.2. Flow velocity and Head loss Vs 

Percentage of valve opening 

 

 
 

 

 

 
 

 
The maximum fluid flow through the control valve is 

observed at 2.201 GPM with 100 percent valve open at 

which the differential pressure is 0.6416Psi. The 

outflow rate is significantly increased to a maximum 

value with 100 % valve open.  For small opening of the 
control valve i.e., 25% open, the outflow is observed as 

1.84 GPM. The outflow rate is quickly reached to 90 

percent of the final value with 25 percent valve open. 

And a small incremental change is observed between 

50 % to 100 % open of the control valve. This quick 

reaction is best suited for emergency shutdown 

applications.  The downstream pressure is increased to 

a maximum value i.e 3.97 PSI for small opening of the 

control valve. The downstream pressure is abruptly 

dropped to a minimum value i.e., 1.75 PSI for 75 

percent valve open. This is the lowest pressure 
recorded at which the velocity of the fluid flow is 

7.4309 m/s. this pressure is the venacontracta pressure. 

The vapor pressure of water is 0.4602152 PSI. The 

lowest pressure at which the velocity is high is the 

venacontracta pressure is recorded at 1.75 PSI. So, if 

the venacontracta pressure is greater than the vapor 

pressure the plug and the valve seat is encountered 

with flashing and the control valve is operating under 

ideal conditions. The pressure difference across the 

control valve i.e.,the differential pressure is raised to a 

maximum value with 25 percent valve open and the 

slope of the response is constant for wide open of the 
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control valve. The downstream pressure is maximum 

for small open of the control valve, i.e., 3.97 PSI and it 

shows negligible change between 50 to 100 percent 

open of the control valve.  The change of velocity 

between 50 to 100 percent is negligible value. This 

valve exhibits initial velocity is at maximum valve 

when the valve is suddenly open for fully closed to 25 
percent open and it is maintaining small change for 

fully open the valve plug.  The valve flow coefficient 

value is following the valve coefficient value. The 

head loss is at maximum value i.e 1.2949 at 100 

percent plug open position. An incremental change in 

head loss is observed between 50 to 100 percent of the 

control valve. 

 

Conclusions 
The Quick opening plug type valve characteristics are 

studied with varying load conditions. The Valve is 

normally open type control valve. By varying the input 

pressure signal to the actuating element insteps of 3 

PSI the percent of valve opening is estimated. The 

pressure differential and the change of velocity from 

upstream to downstream ports with varying load 

conditions are tested. The plug exhibits an initial quick 

response when it is operating from fully closed to 25% 
of valve open. The valve discharge flowrate reaches to 

90 percent of the final valve with small input change. 

This type of valve is best suited for emergency 

shutdown applications. The head loss is also 

significantly a small valve between 0 to 75% of valve 

open. 
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