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UNDERSTANDING FLOW CONTROL IN PROCESS SYSTEMS 
 
Essential Elements of a Flow Control System 
 
Flow control is one of the most fundamental tasks in industrial process systems. Whether in water 
treatment, food processing, chemical production, or energy systems, 
controlling how much fluid moves through pipes at any moment is essential 
for maintaining efficiency, product quality, and safety.  

Flow refers to the movement of a fluid through a pipe or channel, usually 
measured as volume per unit time (for example, litres per minute or cubic 
meters per hour). In many industrial operations, processes depend on 
maintaining a specific flow rate. Too little flow may starve a process of 
necessary material, while excessive flow can cause waste, equipment stress, or poor product quality. 
Because of this, flow control systems are designed to continuously monitor and adjust the flow rate to 
keep it within desired limits. 

A typical flow control system consists of these main elements: 
 
Flow transmitter: A flow transmitter is an instrument that measures fluid flow 
rate and converts it into a standardized electronic signal (e.g., 4-20 mA) for 
monitoring or automated control. They control flow by continuously measuring 
the rate of fluid passing through a pipe and transmitting this data to a control 
system, which then adjusts pumps or valves to maintain a desired setpoint 
They differ from basic flow meters by the fact that the latter do not offer the 
ability to electrically transmit the flow information to a remote location.  
 
Controller: This receives the signal from the flow transmitter and 
compares the measured flow with the desired value, known as the 
setpoint. Controllers are often implemented using industrial devices 
such as programmable logic controllers (PLCs) or dedicated PID 
controllers. 
 
Positioner, Actuator and Valve: This set of components is generally 
referred to as the control elements. The control valve is the final 
control element and its job is to adjust the flow. A control valve can 
open or close to restrict or allow more fluid to pass. In a typical 
industrial setup, the analogue output from a PLC (usually a 4–20 mA 
current signal) acts as an input for a dedicated position control system 
located at the valve, commonly known as a Valve Positioner. The PLC 
does not "brute force" the valve open or closed directly; instead, it tells 
the positioner what the target opening percentage (0–100%) should 
be. A Valve Positioner is typically a separate, modular accessory that 
is mounted onto the control valve assembly rather than being an 
internal, permanent part of the valve body itself. Think of the control 
valve as the "hardware" and the positioner as an "add-on brain" that helps it perform more accurately. 
There are different types of valve positioners ─ pneumatic, electro-pneumatic, hydraulic, digital and 
smart positioners. For example, the figure on the right is an example of an electropneumatic valve 
positioner. It receives the electrical input from the controller/PLC, converts it into a pneumatic 
(pressure) signal, and uses that pressure signal to position the valve. 
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While the industry standard is to have separate positioners, some modern electric actuators and "all-
in-one" intelligent valves have the position control electronics built directly into the actuator housing. In 
these cases, there are no external linkages visible. 
 
Final Control Element: This is typically the actuator and valve, and is the hardware that physically 
manipulates the process, in this case the flow rate. An actuator converts energy (air or electricity) into 
mechanical force. Thus, for a motorized valve, the actuator is the motor (electrical actuator). For a 
pneumatic valve, the actuator is the pressure control mechanism that applies air pressure to the 
valve. Both of these types of valves apply mechanical force to the valve itself to open or close. 
 
How Flow Control Works 
 
Flow control operates as a closed-loop system. Basically, the flowmeter (sensor) continuously 
measures the flow, the controller compares it with the setpoint (the desired value), and the control 
element adjusts the system accordingly. This process repeats constantly, ensuring that the flow rate 
remains stable even if conditions change. 
 
In practice, as illustrated in the figure below, the process begins when an operator sets a desired flow 
rate. The flowmeter measures the actual flow and sends this information via a flow transmitter to the 
controller. If the measured flow is lower than the setpoint, the controller opens the control valve 
slightly (via the valve positioner). If the flow is too high, the controller reduces the opening of the 
valve. Most modern systems use a PID control algorithm—which stands for Proportional, Integral, 
and Derivative control. This method allows the controller to respond quickly to changes, eliminate 
steady errors, and prevent excessive oscillations in the flow rate. 
 

 
 
Practical Considerations 
 
Effective flow control depends on proper system design. Engineers must select the right type of 
flowmeter for the fluid being measured, ensure that control valves are correctly sized, and tune the 
controller so that it responds smoothly to disturbances. Pipe layout, pressure conditions, and fluid 
properties such as viscosity can also influence performance. 
 
Why Flow Control Matters 
 
Accurate flow control improves process efficiency, reduces energy consumption, and ensures 
consistent product quality. It also helps protect equipment by preventing pressure surges and 
unstable operating conditions. In modern industrial systems, flow control is often integrated into 
broader automation platforms that monitor temperature, pressure, and level simultaneously. Together, 
these systems form the backbone of reliable and efficient process operations. In essence, flow control 
is about maintaining balance—continuously adjusting the movement of fluids so that complex 
industrial processes can run smoothly and predictably. 
 


