The three most common types of flow characteristics are:

- Equal Percentage

Equal percentage is the characteristic most commonly used in process control valve.  The ISA handbook defines equal percentage characteristic as:

The inherent flow characteristic, which, for equal increments of rated travel, will ideally give equal percentage changes of the existing flow coefficient (Cv).

The following example illustrates a valve with an ideal equal percentage flow characteristic:

If the valve Cv increases from 10 to 15 (a 50% increase in Cv) in stroking from 10% to 20% percent open (a 10% increase in stroke), the Cv would increase from 15 to 22.5 (another 50% increase from the Cv at 20% open) in stroking from 20% to 30% open.

Even though the flow characteristic of the valve itself may be equal percentage, most control loops will produce, with that same valve, an installed characteristic of flow versus stroke approaching linear when the overall system pressure drop is large relative to that across the valve.  Equal percentage trim is used in approximately 80% of all applications.

- Linear

An inherently linear characteristic produces equal changes in flow coefficient per unit of valve stroke regardless of plug position.  Linear plugs are used on those systems where the valve pressure drop is a major portion of the total system pressure drop or for constant inlet pressure, where the valve is the primary pressure loss mechanism (some flow control loops).  Used in approximately 10-15% of all applications.

- Quick Open

Quick open plugs are used for on-off applications designed to produce maximum flow quickly.  Used in approximately 5% of all applications.

Figure 9-1 shows the ideal characteristic curve for each.  Contouring the plug can approximate these characteristics.  However, inasmuch as there are body effects and other uncontrollable factors, plus the need for maximizing the flow capacity for a particular valve, the real curves often deviate considerably from these ideals.

When a constant pressure drop is maintained across the valve, the characteristic of the valve alone controls the flow; this characteristic is referred to as the inherent flow characteristic.   Installed flow characteristics include both the valve and pipeline effects.  The difference can best be understood by examining an entire system.

For general guidelines on characteristic applications refer to: 


Table 9-I: Flow control systems

Table 9-II: Pressure control systems 


Table 9-III: Liquid level systems


Table 9-IV: Miscellaneous systems

	Flow measurement signal to controller
	Locations of control valve in relation to measuring element
	Wide range of flow set point
	Small flow range, large DP change w/ increasing load

	Proportional to flow
	In series

In bypass*
	Linear

Linear
	=%

=%

	Proportional to flow squared
	In series 

In bypass*
	Linear

=%
	=%

=%


*When control valve closes, flow rate increases in measuring element.

Table 9-II: Pressure Control Systems - Trim Characteristic Selection

Application






Best Inherent Characteristic

Liquid process







=%
Gas process. Small volume, less than 10 ft. of pipe between control 

valve and load valve






=%

Gas process. Large volume (process has a receiver distribution system or transmission line exceeding 100 ft. of nominal pipe volume), decreasing DP with increasing load DP at maximum load. Maximum load DP >20% of minimum load DP


Linear

Gas process. Large volume, decreasing DP with increasing load DP at maximum load. Maximum load DP  <20% of minimum load DP




=%

Table 9-III: Liquid Level Systems - Trim Characteristic Selection

Application






Best Inherent Characteristic

Control valve DP






Linear

Decreasing DP with increasing load




Linear
DP at maximum load >20% of minimum load DP


=%

Increasing DP with increasing load DP at maximum load <200% of minimum load DP
Linear

Increasing DP with increasing load DP at maximum load >200% of minimum load DP
Quick Opening

Table 9-IV: Miscellaneous Systems - Trim Characteristic Selection

Application






Best Inherent Characteristic

Gas compressor recycle control valve




Linear
Constant pressure drop source





Linear
Temperature control where control valve DP >50% system DP

=%

pH control where control valve DP <50% of system DP


=%

pH control where control valve DP >50% of system DP


Linear

Flashing

If the downstream pressure is equal to or less than the

vapor pressure, the vapor bubbles created at the vena

contracta do not collapse, resulting in a liquid-gas

mixture downstream of the valve. This is commonly

called flashing. When flashing of a liquid occurs, the

inlet fluid is 100 percent liquid which experiences pressures

in and downstream of the control valve which are

at or below vapor pressure. The result is a two phase

mixture (vapor and liquid) at the valve outlet and in the

downstream piping. Velocity of this two phase flow is

usually very high and results in the possibility for erosion

of the valve and piping components.

