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hen specifying a control 
valve, there are several tasks 
involved. First, the style of 
valve must be selected. This 

is often based on a combination of pro-
cess parameters (such as pressure, tem-
perature, corrosiveness of the media and 
abrasive properties), plant preference 
and economics. Next, the valve’s inherent 
flow characteristic (linear or equal per-
centage) needs to be selected. There are 
rules of thumb for selecting the inherent 
characteristic. For example, some au-
thorities suggest a linear characteristic 
for systems that have very little dynamic 
pressure losses due to short pipe runs 

and few other pressure-consuming ele-
ments, such as isolation valves, elbows, 
heat exchangers, etc. For a system with 
long pipe runs and other pressure-con-
suming elements, an equal percentage 
valve is suggested.

The specifier must also have criteria in 
mind for how much of the valve’s control 
range should be used during normal op-
eration. For example, it is often recom-
mended that the valve be between about 
60% to 80% open at the maximum re-
quired flow to provide sufficient, but not 
excessive, safety factor and, whenever 
possible, not much less than 20% open 
at the minimum required flow to avoid 

unpredictability of the flow characteris-
tic below 10% opening. Once it is deter-
mined what valve style will be used, one 
of the many available valve sizing com-
puter programs can be used to perform 
sizing calculations.

Two tools that can help the specifier 
in their selection of a valve are graphs 
of the installed flow characteristic1 and 
installed gain2 of all the valves that are 
being consideration for the applica-
tion. Figure 1 shows the installed flow 
characteristic and installed gain for two 
possible valve selections (segment ball 
valves, which have an equal-percentage 
inherent flow characteristic) for the 
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CONTROL VALV ES

Calculating the installed flow 
and gain of a control valve
A simple process model  based on the principle that piping 
pressure losses are approximately proportional to flow squared is 
presented.
By Jon Monsen, Ph.D., P.E., Valin Corporation 
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same application and where the process 
includes long pipe runs and a centrifu-
gal pump. The 6-inch valve will control 
the full required flow range of 80 to 550 
gpm over a travel range of 10% and a bit 
over 40% open, only 30% of its full travel 
capability, making flow quite sensitive 
to valve position changes. There is not 
much safety factor at the low end, and 
there is a lot of wasted flow capacity 
beyond the maximum flow of 550 gpm 
that is costly and unnecessary.

The 3-inch valve will control the full 
required flow range between about 22% 
open and about 72% open, 50% of its full 
travel capability, making flow less sensi-
tive to valve position changes. The mini-
mum and maximum specified flows are 
symmetrically placed on the valve’s in-
stalled flow characteristic, and there is 
about the same amount of safety factor 
at each end of the specified control range.

Typically, installed flow character-
istics are graphed as relative flow ver-
sus relative travel as shown in Figure 
1. That flow is graphed on a scale of 0 
to 1, that is, from zero flow to 100% of 
the fully open flow, and valve travel is 
graphed on a scale of 0 to 1, that is, from 
fully closed to fully open. This graph 
gives a good visual representation of 
how linear the flow versus valve travel 
is and where the required flow range 
fits on the valve’s range of travel. What 

is missed with graphing relative flow is 
the relative slopes of the installed flow 
graphs of the valves being considered. 
If the two valves on the installed flow 
graph had been graphed with a vertical 
scale of gpm (or kg/h), the 6-inch valve’s 
graph would be much higher at 100% 
open (1.0% relative travel) and its slope 
would be much steeper.

Graphing the installed gain gives a dif-
ferent aspect to the installed behavior of 
a control valve and puts valves of differ-
ent sizes and different styles on the same 
footing where they can be examined and 
compared. The gain of any device is de-
fined as the rate of change of the output 
divided by the rate of change of the in-
put. For a control valve, the input is the 
valve position, and the output is the flow 
through the valve. On the installed gain 
graph, the flow scale is shown as a rela-
tive flow with the reference point being 
the user’s specified maximum required 
flow rate. The user’s maximum specified 
flow rate is referred to as Qmax.

In Figure 1, 1.0 on the Q/Qmax scale 
represents the example’s maximum 
specified flow of 550 gpm, and 0.4 on 
the Q/Qmax scale represents 220 gpm. 
This is done so that that valves of differ-
ent styles and sizes can be directly com-
pared with each other.

Extremely low gains are undesirable 
because a low gain means when the 

valve moves, the flow does not change 
very much. It might not be so obvious 
why high gains are undesirable. An au-
dio amplifier with a high gain may be 
desirable. But control valves are me-
chanical devices and, as such, parts 
that move while in contact with each 
other tend to stick when not moving. If 
a valve, because it tends to stick when 
not moving, can only be positioned 
within 2% of the desired position, and it 
has a gain of 4, the flow can only be ad-
justed within 8% steps, which may not 
be desirable. One valve manufacturer 
recommends the following gain criteria 
for installed gain within the specified 
flow range:

• Gain > 0.5
• Gain < 3.0
• As constant as possible
• As close to 1.0 as possible
• Gain (max) / Gain (min) < 2.0

The reason for limiting the change in 
gain within the required flow range to 2 
to 1 is so that it will be easier to tune the 
controller for stable and fast response 
throughout the required flow range.

In addition to using the installed 
flow and gain analysis for comparing 
different valve sizes, it can be useful in 
comparing different valve styles in the 
same system. Suppose one has settled 
on a 10-inch segment ball valve for an 
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 Figure 1: Sample 
control valve installed 
flow and installed gain 
characteristics comparing 
two valves in the same 
system. Emphasis added 
to show the portion of the 
graphs that fall within the 
user's specified flow range 
between minimum and 
maximum required flow of 
80 to 550 gpm.

“Graphing the installed gain gives a different aspect to the installed 
behavior of a control valve and puts valves of different sizes and different 
styles on the same footing where they can be examined and compared.”



application. The purchasing agent may 
point out that a 10-inch high perfor-
mance butterfly valve would be much 
more economical. Segment ball valves 
typically have a close-to-perfect equal-
percentage inherent flow characteris-
tic, while high-performance butterfly 
valves have an inherent flow character-
istic that is between linear and equal 
percentage. So, which one would be 
the best choice? It really depends on 
the system. A system with significant 
dynamic losses might be better con-
trolled by the segment ball valve, but 
a system with intermediate dynamic 
losses might be better controlled by a 
high-performance butterfly valve. An 
installed flow and gain analysis could 
help in making the choice.

Some globe valves tend to have less-
than-perfect inherent linear or equal-
percentage inherent flow characteristics. 
Would an eccentric rotary plug valve be 
a good choice for a particular system?

A simple process model for creating 
installed flow and gain graphs is pre-
sented here. The method is based on 
the principle that piping pressure losses 
are approximately proportional to flow 
squared. This process model is only val-
id for fully turbulent flow and should be 
treated as an approximation.

To illustrate the method, it has been 
implemented here in Microsoft Excel. 
The author’s Excel worksheet is shown 

here divided into three tables. Tables 1 
through 3 show sufficient detail so that 
anyone with experience with Excel 
should be able to implement a working 
Excel sheet. Alternately, the user could 
implement the method in their pre-
ferred programming environment. The 
method involves using one’s preferred 
control valve sizing software in con-
junction with values of P1 and either 
P2 or Delta P calculated by the process 
model based on flow rates entered by 
the user in D25 of Table 1. The sample 
calculations in Tables 1 through 3 are 

based on the system depicted in Fig-
ure 2. A static analysis of the system 
produced the pressure values shown 
in the table and shown graphically. 
The calculations are based on analyz-
ing a 3-inch segment ball valve, which 
has an equal-percentage inherent flow 
characteristic. 

Because there is a significant amount 
of piping involved in the system, it turns 
out that the installed flow characteristic 
is close to linear.

The Δp used in the sizing calculation 
cannot be arbitrarily specified without 
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 Table 1: 
Process model

 Figure 2: 
System used 
in the example 
installed flow and 
gain calculations

 Segment valve 
graphic courtesy 
of Neles



regard for the actual system into which 
the valve will be installed. What must 
be kept in mind is that all of the compo-
nents of the system except for the con-
trol valve (pipe, fittings, isolation valves, 
heat exchangers, etc.) are fixed, and at 
the flow rate required by the system (to 
cool a hot chemical to a specified tem-
perature or maintain a specified level 
in a tank), the pressure loss in each of 
these fixed elements is also fixed.

Only the control valve is variable, and 
it is connected to an automatic control 
system. The control system will adjust 
the control valve to whatever position 
is necessary to establish the required 
flow and thus achieve the specified 
temperature, tank level or whatever. At 
this point, the portion of the overall sys-
tem pressure differential (the difference 
between the pressure at the beginning 
of the system and at the end of the sys-
tem) that is not being consumed by the 

fixed elements must appear across the 
control valve.

Making the calculations
In Table 1, based on the process model, 
flow entries in cell D25 will yield values of 
P1, P2 and delta P (the pressure drop across 
the control valve) at that flow. The only 
flow entry in D25 that requires any major 
effort on the user’s part is the flow when 
the valve being considered is fully open. 
This requires some simple guess work.

A good first guess would be to enter 
the specified required maximum flow 
increased by 10%. Using that first guess 
of flow, enter it into D25. Also, enter 
that flow guess along with P1 and either 

P2 or Delta P calculated in column D 
for that flow into your preferred control 
valve software and observe what per-
centage of valve travel the sizing pro-
gram returns. The goal is to refine your 
flow guess (entered into the process 
model and the valve sizing program) 
until the valve travel is as close as pos-
sible to 100%.

Enter this fully open flow into the 
worksheet (shown in Table 2), cell 
L35, and then fill in row 35 with all the 
remaining flows. (Fully open flow X 
relative flow.) This could be done with 
simple formulas or manually. Also, 
complete column L with P1 and Delta 
P from the process model and CV and 
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“All of the components of the system except for the control valve 
are fixed, and at the flow rate required by the system, the pressure 
loss in each of these fixed elements is also fixed.”




