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Traditional PICV Working Principles

A Pressure Independent Control Valve (PICV) is a sophisticated hydronic valve used in
HVAC systems to regulate water flow. Its core innovation is that it maintains a consistent,
desired flow rate regardless of pressure fluctuations in the system (unlike a standard ball or
globe valve, which is pressure dependent).

Here is the working principle broken down into its two key components and how they
interact.

How PICV Solves the Core Problem

Standard Valve (Pressure Dependent): If pressure in the pipes increases, flow through the
valve increases. If pressure drops, flow decreases. The actuator only moves the stemto a
position (e.g., 50% open), but the actual flow varies with system pressure.

PICV: Regardless of pressure changes (within its design range), if the actuator commands
50% flow, the valve delivers exactly 50% flow.

The Two Internal Mechanisms

A PICV combines two functions in one valve body:

A Regulation (Control) Port - to set the desired flow rate.

A Differential Pressure (DP) Regulator —to absorb pressure changes and keep flow stable.
1. The Regulation Port (Sets Flow)

This is a specially shaped plug and seat (often a "characterized" profile). An electric or
thermal actuator moves the plug up and down. The position of the plug determines the
target flow rate (e.g., 20%, 50%, 100% of the valve's maximum flow rating).

2. The DP Regulator (Absorbs Pressure)

This is a spring-loaded diaphragm or piston connected to a pressure-balancing cartridge. It
constantly measures the pressure drop across the regulation port. It contains:

Aninternal spring:

A diaphragm with a shut-off element (ball or disc)
Step-by-Step Working Principle:

Step 1: Steady State (Target flow achieved)

The actuator has set the regulation port to a specific opening. The DP regulator's spring is
holding its shut-off element in a position where the pressure drop (AP) across the
regulation port exactly balances the spring force. Desired flow passes through the coil.
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Step 2: Incoming Pressure Increases (e.g., pump speeds up)
Higher inlet pressure tries to increase flow through the regulation port.

The increased AP across the regulation port is immediately sensed by the diaphragm of the
DP regulator.

The higher pressure pushes the diaphragm and its shut-off element against its spring,
causing the regulator to close slightly.

This small closure adds an artificial pressure drop that cancels out the increased inlet
pressure.

Result: The AP across the regulation port returns to its original value, so flow returns to the
target rate.

Step 3: Incoming Pressure Decreases (e.g., other valves open)
Lower inlet pressure tries to decrease flow.
The decreased AP is sensed by the diaphragm.

The spring pressure now overcomes the lower fluid pressure, pushing the shut-off element
to open further.

This reduces the artificial pressure drop, allowing more of the available pressure to reach
the regulation port.

Result: The AP across the regulation port returns to its original value, so flow returns to the
target rate.

Summary of Benefits (Why this matters)
Feature Standard Valve + DRV (Manual balancing) PICV

Pressure response Flow changes with system pressure Flow stays constant (within

Limits)
Balancing Requires manual calculation & valve Self-balancing
adjustments (no manual steps)
Actuators type On/off or 0-10V (full stroke) 0-10V (full stroke controls %

Energy efficiency

Valve authority

Can overfeed coils at high
pressure

Often <0.5 (poor control)
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of max. flow)

Feeds exact flow needed

Always 1.0 (perfect
Authority)



Practical Working Limits

Minimum AP: The valve needs a minimum pressure difference (e.g., 20 kPa / 3 PSI) to push
the spring and to open the DP regulator.

Maximum AP: Above a certain limit (e.g., 400 kPa / 60 PSI), the spring can no longer
compensate, and flow may drop slightly below the setpoint.

Turndown Ratio: A good PICV can maintain accurate flow from 100% down to 2-5% of its
maximum rating (e.g., 10:1 to 20:1 turndown).

In essence, a PICV constantly performs a mathematical balancing act using fluid
mechanics: It measures the pressure drop across its own control port and instantly adjusts
a second orifice to keep that pressure drop constant—thus keeping flow constant
regardless of upstream or downstream pressure changes.
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