
 

 

www.armana-iran.com 

 

 

Control Valve Characteristics 

and Sizing Guide 

 

 

 

http://www.armana-iran.com/


 

 

www.armana-iran.com 

 

Contents 
 

1. Control Valve Overview ......................................................................................... 1 

2. Control Valve Flow Characteristics ....................................................................... 1 

2.1. Quick Opening ................................................................................................. 2 

2.2. Linear ............................................................................................................... 2 

2.3. Equal Percentage .............................................................................................. 3 

2.4. Modified Equal Percentage .............................................................................. 3 

2.5. Percentage-Linear ............................................................................................ 4 

3. Flow Coefficient (𝐶𝑣) and Its Importance ............................................................. 5 

4. Rangeability of Control Valves .............................................................................. 5 

5. Valve Selection Considerations .............................................................................. 6 

6. Applications of Control Valves in the Food and Beverage Industry ..................... 7 

Conclusion ................................................................................................................. 7 

 

 

 

 

http://www.armana-iran.com/


 

Page | 1                                          www.armana-iran.com 

 

 

1. Control Valve Overview 
A control valve is a mechanical device used to regulate the flow of fluids such as gases, liquids, 

slurries, or granular materials within a system. It adjusts the flow rate, pressure, temperature, or 

level in response to signals from a controller, typically a process control system. This ensures 

that a process operates within the desired parameters, maintaining stability, efficiency, and safety. 

Control valves are widely used across industries such as chemical processing, oil and gas, power 

generation, food and beverage, pharmaceuticals, and water treatment, where precise fluid flow 

regulation is essential. 

Key Functions of Control Valves: 

• Flow Control: Regulating fluid flow to maintain the desired rate. 

• Pressure Control: Maintaining constant pressure in pipelines or tanks. 

• Temperature Control: Adjusting fluid flow to control heat transfer in heating or cooling 

processes. 

• Level Control: Managing liquid levels in vessels or tanks to prevent overflow or 

underfilling. 

• Emergency Shutoff: Closing the valve to isolate a section of the process in case of 

emergency. 

Components of Control Valves: 

• Valve Body: Houses the valve trim and channels the fluid flow. 

• Actuator: Adjusts the valve's position based on the control signal. 

• Trim: Internal parts like the valve plug, seat, and stem that directly influence flow. 

• Positioner: Ensures the valve’s position corresponds accurately to the input signal from 

the controller. 

• Bonnet: Seals the valve assembly and houses the stem and packing to prevent leakage. 

2. Control Valve Flow Characteristics 
The flow characteristic of a control valve defines how the flow rate changes relative to the 

valve's opening (position). Selecting the right flow characteristic ensures precise flow control for 

specific applications. Below are the common flow characteristics used in control valves 
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2.1. Quick Opening 

• Behavior: Flow increases rapidly with the first part of valve travel, then levels off as the 

valve approaches full open. 

• Applications: Emergency shutdown, system isolation, or on/off control systems (e.g., 

emergency cooling, boiler feedwater systems). 

Example Calculation (Quick Opening): 

Given: 

• 𝐶𝑣,𝑚𝑎𝑥 = 120 

• 𝑉𝑎𝑙𝑣𝑒 𝑡𝑟𝑎𝑣𝑒𝑙 𝑥 = 0.4 (40%) 

Formula: 

𝐶𝑣 = 𝐶𝑣,𝑚𝑎𝑥 × (1 − (1 − 𝑥)2) 

Calculation: 

𝐶𝑣 = 120 × (1 − (1 − 0.4)2) = 120 × (1 − 0.36) = 120 × 0.64 = 76.8 

Result: The flow coefficient at 40% valve opening is 76.8. 

2.2. Linear 

• Behavior: Flow increases linearly with valve travel, meaning the flow rate is directly 

proportional to the valve's position. 

• Applications: Constant pressure drop systems, dosing systems, and applications requiring 

linear flow regulation (e.g., fluid mixing or blending). 

Example Calculation (Linear): 

Given: 

• 𝐶𝑣,𝑚𝑎𝑥 = 100 

• 𝑉𝑎𝑙𝑣𝑒 𝑡𝑟𝑎𝑣𝑒𝑙 𝑥 = 0.6 (60%) 

Formula: 

𝐶𝑣 = 𝐶𝑣,𝑚𝑎𝑥 × 𝑥 

Calculation: 

𝐶𝑣 = 100 × 0.6 = 60 

Result: The flow coefficient at 60% valve opening is 60. 
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2.3. Equal Percentage 

• Behavior: The flow increases exponentially as the valve opens, with small changes at low 

openings resulting in small flow changes, and large changes at higher openings. 

• Applications: Systems requiring precise flow control over a wide range (e.g., HVAC 

systems, water treatment, steam pressure regulation). 

Example Calculation (Equal Percentage): 

Given: 

• 𝐶𝑣,𝑚𝑎𝑥 = 150 

• 𝑅𝑎𝑛𝑔𝑒𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑟 = 50 

• 𝑉𝑎𝑙𝑣𝑒 𝑡𝑟𝑎𝑣𝑒𝑙 𝑥 = 0.5 (50%) 

Formula: 

𝐶𝑣 = 𝐶𝑣,𝑚𝑎𝑥 × (
𝑟 − 1

𝑟
)

𝑥−1

 

Calculation: 

𝐶𝑣 = 150 × (
50 − 1

50
)

0.5−1

= 150 × (6.07) ≈ 18.6 

Result: The flow coefficient at 50% valve opening is approximately 18.6. 

2.4. Modified Equal Percentage 

• Behavior: Similar to equal percentage, but with smoother transitions at higher valve 

openings. 

• Applications: Hybrid systems or systems requiring smooth control over broad flow 

ranges (e.g., mixing, blending, variable flow control). 

Example Calculation (Modified Equal Percentage): 

Given: 

• 𝐶𝑣, 𝑚𝑎𝑥 = 120 

• 𝑅𝑎𝑛𝑔𝑒𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑟 = 30 

• 𝐶𝑢𝑟𝑣𝑒 𝑚𝑜𝑑𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛 𝑒𝑥𝑝𝑜𝑛𝑒𝑛𝑡 𝑛 = 0.8 

• 𝑉𝑎𝑙𝑣𝑒 𝑡𝑟𝑎𝑣𝑒𝑙 𝑥 = 0.4 (40%) 
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Formula: 

𝐶𝑣 = 𝐶𝑣,𝑚𝑎𝑥 × (
𝑟 − 1

𝑟
)

(𝑥𝑛−1)

 

Calculation: 

𝐶𝑣 = 120 × (
30 − 1

30
)

(0.40.8−1)

= 120 × 7.32 ≈ 30.3 

Result: The flow coefficient at 40% valve opening is approximately 30.3. 

2.5. Percentage-Linear 

The Percentage-Linear characteristic is a blend of the Equal Percentage and Linear flow 

characteristics. It adjusts the flow in percentage increments and is used when a balance of 

proportional control and sensitivity at higher flow rates is necessary. 

• Behavior: The flow increases in a linear pattern for the lower portion of the valve opening 

and transitions to an exponential increase as the valve opens further. This allows for a 

smooth and balanced adjustment between linear flow control and finer control at higher 

openings. 

• Applications: Systems requiring a balance between flow regulation and precision (e.g., 

batch mixing systems). 

Formula for Percentage-Linear: 

The flow coefficient for the Percentage-Linear characteristic is generally calculated using a 

modified version of the Linear formula combined with an exponential adjustment. The formula 

can be written as: 

𝐶𝑣 = 𝐶𝑣,𝑚𝑎𝑥 × (1 − (1 − 𝑥)𝑚) 

Where: 

• 𝐶𝑣,𝑚𝑎𝑥  is the maximum flow coefficient. 

• 𝑥 is the percentage of valve opening (ranging from 0 to 1). 

• 𝑚 is an adjustment factor that controls the transition between linear and exponential flow 

behavior. 

Example Calculation (Percentage-Linear): 

Given: 

• 𝐶𝑣,𝑚𝑎𝑥 = 100 

http://www.armana-iran.com/


 

Page | 5                                          www.armana-iran.com 

 

 

• Adjustment factor 𝑚 = 1.2 

• Valve travel 𝑥 = 0.5 (50%) 

Formula: 

𝐶𝑣 = 100 × (1 − (1 − 0.5)1.2) 

Calculation: 

𝐶𝑣 = 100 × (1 − 0.368) = 100 × 0.632 = 63.2 

Result: The flow coefficient at 50% valve opening is 63.2. 

3. Flow Coefficient (𝑪𝒗) and Its Importance 
The Flow Coefficient (𝐶𝑣) measures the valve's capacity to pass flow. It helps determine the 

appropriate valve size to ensure that desired flow conditions are maintained without causing 

excessive pressure drops or overflows. 

Formula for 𝐶𝑣 (Liquids): 

𝐶𝑣 =
𝑄

𝛥𝑃
 

Where: 

• 𝑄 = Flow rate (GPM) 

• 𝛥𝑃 = Pressure drops (psi) 

Formula for 𝐶𝑣 (Gases): 

𝐶𝑣 =
𝑄

𝛥𝑃
×

𝑃1

𝑆𝐺 × 𝑇
 

Where: 

• 𝑃1 = Inlet pressure (psi) 

• 𝑆𝐺 = Specific gravity of the gas 

• 𝑇 = Temperature (°R) 

Importance of 𝐶𝑣: 

𝐶𝑣 is crucial for selecting the correct valve size to maintain desired flow rates while ensuring 

system efficiency and safety. Calculating the 𝐶𝑣 for each valve ensures the valve can pass the 

required amount of fluid without causing unnecessary restrictions in the system.4. Rangeability of 

Control Valves 

http://www.armana-iran.com/


 

Page | 6                                          www.armana-iran.com 

 

 

 

4. Rangeability of Control Valves 
Rangeability is the ratio of the maximum controllable flow to the minimum controllable flow. It 

plays a critical role in determining how well the valve performs under varying flow conditions. 

Flow Characteristic Rangeability Application 

Quick Opening Low (10:1) 
Systems with large flow variations (e.g., 

emergency shutdowns) 

Linear Moderate (20:1) 
Systems requiring consistent control, steady flow 

systems (e.g., mixing) 

Equal Percentage 
High (50:1 to 

100:1) 

Systems requiring precise control (e.g., 

pasteurization, cooking) 

5. Valve Selection Considerations 
When selecting a control valve, consider the following factors: 

 

 

 

Factor Consideration 

Process 

Requirements 
Understand flow rate, pressure, temperature, and fluid characteristics. 

Valve Size Ensure the valve is properly sized to avoid excessive pressure drops. 

Material 

Compatibility 
Ensure the valve material can handle corrosive or abrasive fluids. 

Actuation Type 
Select between pneumatic, hydraulic, or electric actuators based on 

response time and precision needs. 

Flow 

Characteristics 

Choose the valve based on the required flow characteristic (quick 

opening, linear, equal percentage, etc.). 
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6. Applications of Control Valves in the Food and Beverage Industry 
Control valves are essential in ensuring consistent product quality and process efficiency by 

regulating fluid flow, temperature, and pressure. Below are several applications: 

Application Use of Control Valves 

Juice Filling Regulating juice flow to ensure accurate fill levels and prevent overflows. 

Pasteurization 
Control of water or steam flow to maintain consistent temperatures in 

pasteurization (e.g., milk, juices). 

Cooking 

Systems 
Controlling steam or hot water flow for consistent cooking or blanching. 

Dosing Systems Adding ingredients at precise rates (e.g., flavorings, colorants). 

Mixing Regulating flow to ensure proper mixing (e.g., beverages, sauces). 

Conclusion 
Control valves are indispensable for the successful operation of modern industrial processes. By 

selecting and sizing control valves with care, taking into account factors such as flow 

characteristics, 𝐶𝑣 values, and application needs, companies can ensure that their systems run 

smoothly, safely, and efficiently. The proper application of control valves can lead to reduced 

operational costs, improved product quality, and a more reliable and sustainable process. 

By understanding the different flow characteristics—such as Quick Opening, Linear, Equal 

Percentage, and Percentage-Linear—engineers can choose the right valve type for their specific 

needs. Each characteristic offers unique advantages depending on the application, whether it's for 

emergency shutdowns, precise flow control, or ensuring uniform mixing in complex systems. 

Flow coefficient (𝐶𝑣) is a key parameter in valve sizing, helping to determine the appropriate 

valve size for the desired flow rates while minimizing pressure drops and ensuring efficient 

system operation. Calculating the 𝐶𝑣 for each valve type ensures that the correct valve size is 

selected, which plays a pivotal role in maintaining system reliability and performance. 

In conclusion, careful selection, sizing, and application of control valves are essential to 

optimizing operational outcomes, reducing risks, and enhancing safety and efficiency across 

industries. 
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