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Control Valve

Final Control Elements (FCE):

» The common energy source of final control elements are:
 Electric
 Hydraulic
e Pneumatic

» Electric:
o Electric Heater, Thyristor Bridge
Solenoid
Stepping Motor
DC Motor
AC Motor



Control Valve

» The control valve manipulates a flowing fluid, such
as gas, steam, water, or chemical compounds, to
compensate the disturbance occurs In the process
and keep the process variable as close as possible
to the desired set point.

» A “control valve” regulates the flow of fluid through
a pipe In response to the signal from a loop
controller or logic device.



Control Valve- Constructional Parts

Control valves are comprised of two major parts:

» The Valve Actuator, which provides the mechanical
power necessary to move the components within
the valve body.

» The Valve Body, which contains all the mechanical
components necessary to influence fluid flow.



Major Components of Control Valve
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Direct Acting Actuator: A diaphragm actuator in which the actuator stem moves down
with increasing diaphragm pressure.



Major Components of Control Valve
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Reverse Acting Actuator: A diaphragm actuator in which the actuator stem moves up with
increasing diaphragm pressure. -



Major Components of Control Valve
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Control Valve

The control valve assembly typically consists of

the valve body,
the internal trim parts,

an actuator to provide the motive power to operate the
valve,

positioners,

transducers,

supply pressure regulators,
manual operators,

limit switches.



Control Valve - Trim

Within a control valve body, the specific
components performing the work of throttling (or

completely shutting off) of fluid flow are collectively
referred to as the valve trim.



Control Valve

Valves can be broadly categorized based on their
functions as:

* Stop (Isolation) Valve

 Back Flow Prevention Valve (Check Valve)
 Pressure Relief Valve (Safety Valve)
 Regulating Valve
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Types of Regulating Valves

v GATE VALVES

v GLOBE VALVES

v PLUG VALVES

v DIAPHRAGM VALVES

v BALL VALVES

v BUTTERFLY VALVES

v NEEDLE VALVES

v CHECK VALVES

v PRESSURE RELIEF VALVES
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Gate Valves

Handwheel

Stem

Bonnet Gland

Packing

Wedge
(Disk)

Commonly used as the Isolation Valve 1



Globe Valves

Single-ported globe valve

Double-ported
globe valve

Outlet

The flow In the valve takes a vertical path from down to top through the seat
ring, allowing effective flow control with shorter plug travel .
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Globe Valves

In the port-guided valve, the
seat ring acts as a guide for
the plug to keep the
centerlines of the plug and
seat always aligned,
minimizing guiding stresses
that would otherwise be placed
on the stem. This means that
the stem may be made smaller
In diameter than if the valve
tim  were  stem-guided,
minimizing sliding friction and
Improving control behavior.

Port-guided
globe valve
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Globe Valves

Unbalanced
cage-guided
globe valve

A balanced plug has one or more ports drilled from top to bottom,
allowing fluid pressure to equalize on both sides of the plug. This helps

minimize the forces acting on the plug which must be overcome by the
actuator.
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Globe Valves

Unbalanced Balanced
cage-guided cage-guided
globe valve globe valve

Leak paths

Leak path

Balanced and unbalanced cage-guided globe valves exhibit similar
characteristics to double-ported and single-ported stem- or port-guided
globe valves. Balanced cage-guided valves are easy to position, just like
double-ported stem-guided and port-guided globe valves. However,
balanced cage-guided valves tend to leak more when In the shut position
due to a greater number of leak paths, much the same as with double-
ported stem-guided and port-guided globe valves. 17



Plug Valves

Lubricant

Body

Plug

Gland
packing
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Diaphragm Valves

Diaphragm valve
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Ball VValves

Seal ring Spindle nut

Handle
Seat ring

Ball valve

O-rin¢

Screwed

end Spherical end

plug Body
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Butterfly Valves

Butterfly valve
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Niddle Valves

Handle

Gland Gland

Packing

Bonnet
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Check Valves

Cap

Disk hinge

Disk

l‘ Outlet
Seat ring \Body
Swing Check Valve Ball Check Valve

Check valves are designed to prevent backflow of fluid in lines.
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Pressure Relief VValves / Safety Valves
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Solenoid Valves
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Solenoid at rest,
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Valve Body
Inlet Port
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Coil / Solenoid
Coil Windings
Lead Wires
Plunger
Spring

Orifice

valve closed

Solenoid active,
valve open
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Two Port Valve

i Artuator force

Bonnat

g ‘|, Actuator force

C i}

Body

Valve plug
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Fluid flowe - Pressura Py »

L Dillerantial pressure (AP 41

___— Uppervalve plug
___—— |Upper seat

Fuid flow ‘

(A x AP) + Friction allowance = F

—— Lower valve plug
7 Lower seat
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Three Port Valve

* Port AB Port AB »

Diverti
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Valve Packing

Packing stud
Packing nut

Packing / Stud
flange

Packing
rings

Pipe
flange ™=~

Outlet Lubrication port

Seat Plug

/

Body

All stem-actuated control valves require some form of seal allowing motion of
the stem from some external device (an actuator ) while sealing process fluid
such that no leak occurs between the moving stem and the body of the
valve. The general term for this sealing mechanism is packing. *



Valve Seat Leakage

It Is Important that the control valve be able to completely stop fluid flow
when placed in the “closed” position. Although this may seem to be a
fundamental requirement of any valve, it is not necessarily so. In many
applications, there may have some allowable leakage, where as in
some other application needs tight shut-off. For this reason, several
classifications for control valves, rating them in their ability to fully shut
off are available in accordance with ANSI/FCI 70-2 and IEC 60534-4.

Class Maximum allowable leakage rate Test pressure drop
| (no specification given) (no specification given)
II 0.5% of rated flow capacity, air or water 45-60 PSI or max. operating
[11 0.1% of rated flow capacity, air or water 45-60 PSI or max. operating
IV 0.01% of rated flow capacity, air or water 45-60 PSI or max. operating
V 0.0005 ml/min water per inch orifice size per PSI Max. operating
VI Bubble test, air or nitrogen 50 PSI or max. operating

29




Pneumatic Actuators

The fail-safe mode of a pneumatic/spring valve is a function of both the
actuator’s action and the valve body’s action, where, upon loss of
actuating energy supply, will cause a valve closure member to be fully
closed, fully open, or remain in the last position, whichever position is
defined as necessary to protect the process.

Direct/Reverse acting Actuators:

» Direct-acting actuator pushes down on the stem with increasing pressure.
» Reverse-acting actuator pulls up on the stem with increasing pressure.

Direct/Reverse acting Valve Bodies:

» Direct-acting if they open up when the stem is lifted.
» Reverse-acting if they shut off (close) when the stem is lifted.

Thus, a sliding-stem, pneumatically actuated control valve may be made
air-to-open or air-to-close simply by matching the appropriate actuator and
body types. 0



Pneumatic Actuators

(vent)

Reverse-acting
actuator

Air-to-Open
(Fail closed)

Direct-acting gate valve body

Airin l

Direct-acting
actuator

Air-to-Close
(Fail open)

Direct-acting gate valve body
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Pneumatic Actuators

(went)

Airin B
Reverse-acting
actuator

Air-to-Close
(Fail open)

Reverse-acting gate valve body

Airin l

Direct-acting
actuator

Air-to-Open
(Fail closed)

Reverse-acting gate valve body
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AIlr To Close Valve
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Air To Open Valve
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Actuator Bench-Set

(vent)

» Valve actuators provide force to move
control valve trim.
Area (A)

. » For precise positioning of a control valve,
I there must be a calibrated relationship

between applied force and valve position.

» Most pneumatic actuators exploit Hooke’s
Law to translate applied air pressure to
valve stem position:

F = kx

» The force on diaphragm of area (A) due to
actuating fluid pressure (P) is:

~ Actuator motion (x) I: L PA
» Hence

kx =PA or x:% le. XoP

T

Pressure (P)

- Spring constant (k)
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Actuator Bench-Set

When a control valve is assembled from an actuator and a valve body, the two
mechanisms must be coupled together in such a way that the valve moves between
its fully closed and fully open positions with an expected range of air pressures (3-15
PSI).

There are really only two mechanical adjustments that need to be made when

coupling a pneumatic diaphragm actuator to a sliding-stem valve: the stem connector
and the spring adjuster.

The stem connector mechanically joins the sliding stems of both actuator and valve
body so they move together as one stem.

This connector must be adjusted so neither the actuator nor the valve trim prevents
full travel of the valve trim.

Thus stem length has been properly set by adjusting the stem connector.

The spring adjuster is adjusted to set for the proper bench set pressure. This is the
pneumatic signal pressure required to lift the plug off the seat. For an air-
to-open control valve with a 3 to 15 PSI signal range, the “bench set”

pressure would be 3 PSI.
36



Actuator Bench-Set

Fully closed
Fully open
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Actuator Bench-Set

Binding!

Less than
full travel

Less than
full travel

Valve cannot fully open!

Nt 1

If the stem connector is set with the actuator and valve stems spaced too far apart (i.e. the
total stem length is too long), the actuator diaphragm will bind travel at the upper end and
the valve plug will bind travel at the lower end. The result is a valve that cannot ever ftgjélgly

Binding!

open.



Actuator Bench-Set

Binding!

Less than
full travel

Less than
full travel

Valve cannot fully close!

\
Binding!

If the stem connector is set with the actuator and valve stems too closely coupled (i.e. the
total stem length is too short), the actuator diaphragm will bind travel at the lower end
and the valve plug will bind travel at the upper end. The result is a valve that cannot ever

fully close.



Pneumatic Actuator Response

» A limitation inherent to pneumatic valve actuators is the amount of air
flow required to or from the actuator to cause rapid valve motion.

» The combined effect of air-flow friction in the tube, flow limitations
inherent to the controller mechanism, and volume inside the valve
actuator conspire to create a sluggish valve response to sudden

changes in controller output signal.
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Pneumatic Actuator Response

» If the pneumatic valve actuator is driven by an I/P transducer instead of directly
by a pneumatic controller, the problem is lessened by the ability to locate the I/P
close to the actuator, thus greatly minimizing tube friction and thus minimizing
the “time constant” (1) of the control valve’s response.

e ,
Valve

position
Time —=
ES Electronic signal
e e L I 7; from transmitter = fi tuat
ES Electronic Air supply neumatic actuator
buwhuwl| controller = =

e e e

Controller

output signal ' :
L= =
Time —* " "

» Still, if the pneumatic actuator is particularly large in volume, an I/P transducer
may experience trouble supplying the necessary air flow rate to rapidly actuate
the control valve. Certainly the problem of time delay is reduced, but not
eliminated, by the close-coupled location of the I/P transducer to the actuator.




Pneumatic Actuator Response

» One way to improve valve response in either type of system (full-pneumatic
or I/P-driven) is to use a device known as a volume booster (Pneumatic
Relay) to source and vent compressed air for the valve actuator.

» A “volume booster” is a pneumatic device designed to reproduce a
pneumatic pressure signal (1:1 ratio), but with far greater output flow
capacity.

» A 3 to 15 PSI pneumatic pressure signal applied to the input of a volume
booster will result in an identical output signal (3 to 15 PSI), but with greatly
enhanced flow capacity.

Manual-set pressure Volume booster

regulator
setpoint adjust Pressure signal
(turn down for more pressure) Input

!

l di3 m

Vent <———— aphag Vent -—

Regulated Replicated
air pressure i air pressure :
output cering ~——Air supply output sy ~—— Air supply "

(to actuator)

BCTEW




Pneumatic Actuator Response

» A pneumatic control system equipped with a volume booster
would look something like this.
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bl | controller P
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» Of course, enhanced air flow to and from the actuator does not
completely eliminate time delays in valve response. So long as
the flow rate into or out of an actuator is finite, some time will be
required to change pressure inside the actuator and thus
change valve position.




Valve Positioners

» Springs work quite nicely to convert mechanical force into
mechanical motion (Hooke’s Law : F = kx) for valve actuators if
and only if the sole forces involved are the diaphragm or piston
force against the spring’s resistance force. If any other force
acts upon the system, the relationship between actuating fluid
pressure and valve stem travel will not necessarily be
proportional.

» Unfortunately, there typically are other forces acting on a valve
stem besides the actuating fluid pressure’s force and the
spring’s reaction force. Friction from the stem packing is one
force, and reaction force at the valve plug caused by differential
pressure across the plug’s area Is another. These forces
conspire to re-position the valve stem so stem travel does not
precisely correlate to actuating fluid pressure.

» A common solution to this dilemma is to add a positioner to the
control valve assembly.
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Valve Positioners

> A positioner is a motion-control device designed to actively compare
stem position against the control signal, adjusting pressure to the
actuator diaphragm or piston until the correct stem position is reached.

» Positioners essentially act as

PN
control systems within themselves. <= ::,i;’"ne i
The valve’s stem position is the Control L‘ diaphragm
orocess variable (PV), the command " [ Air supply
signal to the positioner is the set-point @' K== Control signal

(SP), and the positioner’s signal to the ‘}Usitimr
actuator is the manipulated variable
(MV) or output.

> The technical term for this type of control system is cascade, where one
controller’s output becomes the set-point for a different controller. In the

case of a valve positioner, the positioner receives a valve stem position
set-point from the main process controller.
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Valve Positioners

» Inputs are:
o Supply air (usually 20PSI)
 Valve position (PV)
 Avalve position (command) signal (SP)
= Either 3-15PSI or
= 4-20ma

» Output is a valve position
 Actually output is air pressure to the actuator (MV)

» Control valve positioners are typically constructed in such a way to
source and vent high air flow rates, such that the positioner also
fulfills the functionality of a volume booster (that is why the positioner
needs 20 PSI air supply). Thus, a positioner not only ensures more
precise valve stem positioning, but also faster stem veIOC|ty (and
shorter time delays) than if the valve actuator were directly “powered”
by an |I/P transducer.
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Positioners Type

Force-Balance pneumatic valve positioner

The control signal for this valve is a 3 to
15 PSI pneumatic signal, coming from
either an I/P transducer or a pneumatic
controller (neither one shown in the
illustration). This control signal pressure
applies an upward force on the force
beam, such that the baffle tries to
approach  the nozzle. Increasing
backpressure in the nozzle causes the
pneumatic amplifying relay to output a
greater air pressure to the valve actuator,
which in turn lifts the valve stem up
(opening up the valve). As the valve stem
lifts up, the spring connecting the force
beam to the valve stem becomes further
stretched, applying additional force to
the right-hand side of the force beam.
When this additional force balances the
bellows’ force, the system stabilizes at a
new equilibrium.

100 P35I

[went)
||

compressed

air supply Supply | Amplifying

- relay /]'
Restriction “ Input =
MNozzle F: —

Spring
— (t=nsion}
—_

A

A

Fulcrum

gy

LA

Baffle [ ]
Control ¢
signal SS
—_—

(3-15 F3I)

Force beam
Bellows

[\
Output %
I 1

|—¥g
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Positioners Type

Motion-Balance pneumatic valve positioner

[went)

The control signal for this valve is a 3 to
15 PSI pneumatic signal, coming from

either an |I/P transducer or a pneumatic U L/
controller (neither one shown in the T_
illustration). In this mechanism, an _ __ __

Increasing signal pressure causes the

beam to advance toward the nozzle, “sanat | 197 "

generating increased nozzle | e “‘" | “L_k |
backpressure which then causes the une]_eean ) g
pneumatic amplifying relay to send A L= N\

more air pressure to the valve actuator. Restricto E

As the valve stem lifts up, the upward . . e

motion imparted to the right-hand end of K oo

the beam counters the beam’s previous =
advance toward the nozzle. When
equilibrium is reached, the beam will be
In an angled position with the bellows’

motion balanced by valve stem motion. JTL 15




Positioners Type

Electronic Positioners

There are two control algorithms working
together to maintain proper valve
position: one monitoring and controlling
pressure applied to the actuator
(compensating for changes in air supply
pressure that might otherwise affect the
valve’s position) and the other monitoring
and controlling stem position itself,
sending a cascaded control signal to the
pressure control components. These two
control “loops” are sometimes referred to
as the pressure and travel loops, or the
major and minor loops, respectively.

Control valve
LA

@.,
ol

Air supply

FFs

T ! Electronic positioner

;ﬁf—f”f“ 5”“ i
|
|

Command signal

The command signal tells the positioner where the valve stem should be positioned. The first
controller inside the positioner (Pl) calculates how much air pressure at the actuator should be
needed to achieve the requested stem position. The next controller (PID) drives the I/P converter
as much as necessary to achieve that pressure. If anything causes the valve stem to not be at
the commanded position, the two controllers inside the positioner work together to force the

valve to its proper position.



“Valve Signature” showing the behavior
of an air-to-open globe valve
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Valve Signature

The red graph shows the valve's response in the opening direction where additional
pressure is required to overcome packing friction as the valve moves open (up).

The blue graph shows the valve as it closes, less pressure applied to the diaphragm now to
allow the spring’s compression to overcome packing friction as the valve moves closed
(down) to its resting state.

The sharp turns at each end of this graph show where the valve stem reaches its end
positions and cannot move farther despite further changes in actuator pressure.

Each plot is roughly linear in accordance with Hooke’s Law describing the behavior of the
valve spring, Any departure from a single linear plot indicates the onset of some other
force(s) on the valve stem other than the spring’s compression. This is why we see two plots
vertically offset from each other.

Packing friction is another force acting on the valve stem besides the spring’s compression.

When the valve is opening, friction works against the actuator’s air pressure (assuming an
air-to-open valve), requiring additional air pressure to maintain motion. When the valve is
closing, though, packing friction works in the same direction as the actuator’s air pressure
“helping” the valve stay more open than it should. This is why the positioner must maintain
less actuator air pressure for any given position while moving closed than while the valve
moves open. The difference in air pressure moving open versus moving closed at any given
stem position is proportional to twice the dynamic packing friction. Stated mathematically,

|:packing = (Popening - I:)closing )A-



Control Valve Split-Ranging

» There are many process control applications in
industry where it Is desirable to have multiple
control valves respond to the output of a common
controller.

» Control valves configured to follow the command
of the same controller are said to be split-ranged,
or sequenced.

» A few different modes of control valve sequencing
are commonly seen in industry: Complementary,
Exclusive, and Progressive.
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Complementary Valve Sequencing

» With this form of split-ranging, there is never a condition in the controller’s

output range where both valves are fully open or fully shut. Rather, each
valve complements the other’s position.

0% 50% 100%
Controller | | |
output | | |

Open

shut
cvi  [——

Open

V-2 w—

Controller I/P output ] V-1
output (%) (PSI) (stem position) (stem position)
0 % 3 PSI fully shut fully open
25 % 6 PSI 25% open 75% open
50 % 9 PSI halt-open half-open
™% 12 PSI 5% open 25% open
100 % 15 PSI fully open fully shut -




Complementary Valve Sequencing

» Both base and pigment valves operate from the same 3 to 15 PSI pneumatic
signal output by the I/P transducer (AY), but one of the valves is Air-To-Open
while the other is Air-To-Close.

GiB
?

Pump
Pigment Hﬂ DQ_
.

I/P transducer

s ~=

Controller

S/
77

ATC *

Paint

Analytical (color)
transmitter
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Complementary Valve Sequencing

» An alternative to complementary valve sequencing in a process where two
fluid streams mix (or diverge) is to use one three-way valve rather than a pair
of two-way valves:

Complementary split-ranged valves Three-way valve
Flow A 2 <] Flow A ?
jATD'

£t |'I/- |

[
[

______ /I;& — Mixed flow ------@ﬁ;@%]% Mixed flow

Ty
-
o

Il/’ ATC
FlowB *# ~ i FlowB &
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Exclusive Valve Sequencing

> With this form of valve sequencing, both valves are fully closed at a 50% controller output signal,
with one valve opening fully as the controller output drives toward 100% and the other valve
opening fully as the controller output goes to 0%.

» The nature of this valve sequencing is to have an “either-or” throttled path for process fluid. That
is, either process fluid flows through one valve or through the other, but never through both at
the same time.

0% 50% 100%
Controller | | |
output | | |

Open Shut

Cv-l »L
Open
Cv-2

Controller I/P output Va2 vl
output (%) (PSI) (stem position) (stem position)
0% 3 PSI fully shut fully open
25 % 6 PSI fully shut half-open
50 %% 9 PSI fully shut fully shut
T % 12 PSI half-open fully shut
100 % 15 PSI fully open fully shut 56




Exclusive Valve Sequencing

» Both reagent control valves operate from the same 3 to 15 PSI pneumatic signal
output by the I/P transducer (AY), but the two valves’ calibrated ranges are not the
same.

» The Air-To-Open acid valve has an operating range of 9 to 15 PSI, while the Air-To-
Close caustic valve has an operatina ranae of 9 to 3 PSI.

LA s
7 i

ATO

=)
=

L

Acid

/f
Fy

ff Iri Lr
I 77 i

ATC ) Incoming water

= to be treated
Caustic

I"rP

. Treated water
I/P transducer 7 out

(indicating)

_____________

pH analyzer 57

i pH controller




Progressive Valve Sequencing

» Some processes demand a greater range of control than any single valve can deliver,
and it is within these processes, a pair of progressively-sequenced control valves is a

valid solution.

» The combination of two differently-sized (small and large) control valves are used to
satisfy the process demand.

0%
Controller |

50%
|

100%

output |

Open

Shut
small

Large

Open

Controller

I/P output

Small acid valve

Large acid valve

output (%) (PSI) (stem position) (stem position)
0 % 3 PSI fully shut fully shut
25 % 6 PSI half-open fully shut
50 % 9 PSI fully open fully shut
75 % 12 P51 fully open half-open
100 % 15 PSI fully open fully open
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Progressive Valve Sequencing

» A pH control process where the incoming liquid always has a high pH value, and must
be neutralized with acid, the progressive valve sequencing may be used.

Fia Fra
F7 I’ 7
N ATO
(small)
4. Acid
i Fra E Fra
77 77 77 .
ATO Incoming water
= to be treated
? (large)
P
AY
Treated water
I/P transducer y out

pH controller
(indicating)

_____________

pH analyzer
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Flow Capacity or Flow Coefficient (C,)

The amount of kinetic energy represented by a volume of moving fluid in turbulent

motion with velocity v and is given by 1 5
= —mv
2

Hence 1

Kinetic energy per unit volume = 3 pv?

When a fluid moves turbulently through any restriction, energy is inevitably
dissipated in that turbulence. The amount of energy dissipated is proportional to the
kinetic energy of the turbulent motion. i.e. the amount of energy dissipated by
turbulence in such a fluid stream will be some proportion (k) of the total kinetic
energy, so: 1
9

=)

. . . a
Energy dissipated per unit volume = —kpv~

Any energy lost in turbulence eventually manifests as a loss in fluid pressure
downstream of that turbulence. Thus, a control valve throttling a fluid flowstream will
have a greater upstream pressure than downstream pressure.
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Flow Capacity or Flow Coefficient (C,)

ﬂPZPj-P‘,_::
78
+ —_
+ —
Py P
JT ? W J.r {-:} Y — U
R ~ — e
R

» This pressure drop (P1 = P2, or AP) is equivalent to dissipated energy per unit volume.

> With Q = Ay, solving for a quotient with pressure drop (P1 — P2) in the numerator
and flow rate Q in the denominator so the equation bears a resemblance to
Ohm’s Law (R =V/I):

QE
_P-l — Pg —L;’]AE
Pi—P  kp
QE 9242
P — P

0 _Vmﬁ
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Flow Capacity or Flow Coefficient (C,)

» Either side of the last equation represents a sort of “Ohm’s Law” for turbulent liquid
restrictions.

» The left-hand side expressing fluid “resistance” in the state variables of pressure drop
and volumetric flow.

» The right-hand term expressing fluid “resistance” as a function of fluid density and
restriction geometry.

» We can see how pressure drop (P1 = P2) and volumetric flow rate (Q) are not linearly
related as voltage and current are for resistors, but that nevertheless we still have a
quantity that acts like a “resistance” term:

n_ a,t.-“f :'1 — f:'g R— . ﬁ*lﬂ
Q \ 247
Where,
R = Fluid “resistance” P1 = Upstream fluid pressure
P2 = Downstream fluid pressure Q = Volumetric fluid flow rate
k = Turbulent energy dissipation factor p = Mass density of fluid

A = Cross-sectional area of restriction
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Flow Capacity or Flow Coefficient (C,)

» The fluid “resistance” of a restriction depends on several
variables: the proportion of kinetic energy lost due to turbulence
(k), the density of the fluid (p), and the cross-sectional area of the
restriction (A).

» In a control valve throttling a liquid flow stream, only k and A are
subject to change with stem position, fluid density remaining
relatively constant.

» It I1s customary In control valve engineering to express the
“restrictiveness” of any valve in terms of how much flow it will
pass given a certain pressure drop and fluid specific gravity (G;).
This measure of valve performance is called flow capacity or flow
coefficient, symbolized as C,.

> A greater flow capacity value represents a less restrictive (less
“resistive”) valve, able to pass greater rates of flow for the same
pressure drop. o



Flow Capacity or Flow Coefficient (C,)

p 1 Q2
G = L @
Pwater Pl PE 2 LF ;"-12

1 ()?

PuaterGr = p A= B2 = ghpuaierCr gy

P-p 1, Q@

G}_ — 9 Pwater AE

242 P— P _ QE
'ICPE'E-LE'?" G_.I"

| 242 [p—P
Q:vk.jwﬂtﬁrv lgf 2

» The first square-rooted term in the equation, Mf . 247 s the

F'u.'nfﬁr '

Valve Capacity or C, factor. 64



Flow Capacity or Flow Coefficient (C,)

» Substituting C, for this term results in the simplest form of valve
sizing equation (for incompressible fluids):

'p, — P,
= Clyy | _
() 1V G,

> C, is defined as the number of US gallons of water at 60° F that
will flow per minute through a valve with 1 PSI of pressure drop.

» A similar valve capacity expression K, used elsewhere in the
world expressed as number of cubic meters of water will flow per
hour through a valve with a pressure drop of 1 bar.
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Control Valve Characterization

Inherent Characteristics

>

When control valves are tested in a laboratory setting, they are connected to a piping
system that is able to provide a nearly constant pressure difference between upstream
and downstream (P1 = P2).

With a fluid of constant density and a constant pressure drop across the valve, flow rate
becomes a direct function of flow coefficient (C, ).

The amount of “resistance” offered by a restriction of any kind to a turbulent fluid
depends on the cross-sectional area of that restriction and also the proportion of fluid
kinetic energy dissipated in turbulence.

If a control valve is designed such that the combined effect of these two parameters vary
linearly with stem motion, the Cv of the valve will likewise be proportional to stem

position. 100 -

Flow rate
{'::}";:-}I 50

P;- P, =constant

W] T |
0 50 100

Stem position (%) 66



Control Valve Characterization

Installed Characteristics

>

>

Most real valve installations do not place the control valve under a condition of constant
pressure drop.

Due to frictional pressure losses in piping and changes in supply/demand pressures
that vary with flow rate, a typical control valve “sees” substantial changes in differential
pressure as its controlled flow rate changes.

Generally speaking, the pressure drop available to the control valve will decrease as
flow rate increases.

The result of this pressure drop versus flow relationship is that the actual flow rate of

the same valve installed in a real process will not linearly track valve stem position.
Instead, it will “droop” as the valve is further opened . This “drooping” graph is called

the valve’s installed characteristic.
100 -

Flow rate jﬁ
(%) 0 & e
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Control Valve Characterization

> Let us assume the control valve has a “linear” inherent characteristic and a maximum
flow capacity (Cv rating) of 18.

» This means the valve’s Cv will be 18 at 100% open, 13.5 at 75% open, 9 at 50% open, 4.5
at 25% open, and 0 at fully closed (0% open).

> We may plot the behavior of this control valve at these four stem positions by graphing
the amount of flow through the valve for varying degrees of pressure drop across the
valve. The result is a set of characteristic curves for our hypothetical control valve.

Q0
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Control Valve Characterization

Inherent
% |
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Control Valve Characterization

» If we plot the valve’s performance in both scenarios we see the difference very clearly.

00 -
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0 | | | |

0% 25% 50% 75% 100%

(0 4.3) ) (13.3) (18)
Stem position
(Cy)
» The “drooping” graph shows how the valve responds when it does not receive a
constant pressure drop throughout the flow range. This is how the valve responds when
installed in a non-ideal process, compared to the straight-line response it exhibits under

ideal conditions of constant pressure.

» Any piping system that fails to provide constant pressure across a control valve will
“distort” the valve’s inherent characteristic in the same “drooping” manner, and this

must be compensated in some way if we desire linear response from the valve. 0



Control Valve Characterization

Note how the installed characteristic graph is relatively steep at the beginning
where the valve is nearly closed, and how the graph grows “flatter” at the end
where the valve is nearly full-open. The rate of response (rate-of-change of flow
Q compared to stem position X, which may be expressed as the derivative
(dQ/dx) is much greater at low flow rates than it is at high flow rates, all due to
diminished pressure drop at higher flow rates.

This means the valve will respond more “sensitively” at the low end of its travel
and more “sluggishly” at the high end of its travel.

From the perspective of a flow control system, this varying valve
responsiveness means the system will be unstable at low flow rates and
unresponsive at high flow rates.

At low flow rates, there the valve is nearly closed, any small movement of the
valve stem will have a relatively large effect on flow. However, at high flow rates,
a much greater stem motion will be required to effect the same change in flow.

Thus, the control system will tend to over-react at low flow rates and under-
react at high flow rates, simply because the control valve fails to exert the same

degree of control over process flow at different flow rates.
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Characterized Valve Trim

The root cause of the problem — a varying pressure drop caused by frictional losses in
the piping and other factors — generally cannot be eliminated.

However, there is a clever way to to purposely design the valve such that its inherent
characteristic complements the process “distortion” caused by changing pressure drop.

In other words, we design the control valve trim so it opens up gradually during the
initial stem travel (near the closed position), then opens up more rapidly during the final
stages of stem travel (near the full-open position).

With the valve made to open up in a nonlinear fashion inverse to the “droop” caused by
the installed pressure changes, the two non-linearities should cancel each other and
yield a more linear response.

This re-design will give the valve a nonlinear characteristic when tested in the laboratory
with constant pressure drop, but the installed behavior should be more linear.

Re-designed control valve 100 —

Flow rate
(%)

P, - P, = decreases with flow

0 50 100 72
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Valve Trim Characteristics

» Control valve trim is manufactured in a variety of different inherent “characteristics” to
provide the desired installed behavior.
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Valve Trim Characteristics

¢+ Quick-opening
The quick-opening flow characteristic provides for maximum
change in flow rate at low valve travels with a nearly linear
relationship. Additional increases in valve travel give sharply
reduced changes in flow rate, and when the valve plug nears the
wide open position, the change in flow rate approaches zero.

100

Applications: % pom
> On/off  applications  where %0 i
significant  flow rate must be Zz S
established quickly as the valve ®%offuic, |/
begins to open. consequently, 1) /
they are often used in relief valve 0l 1/
applications. 20/
10 4/

0 10 20 30 40 50 60 70 80 90 100
% stem position
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Valve Trim Characteristics

¢ Linear
The linear flow characteristic curve shows that the flow rate is
directly proportional to the valve travel. This proportional
relationship produces a characteristic with a constant slope so
that with constant pressure drop, the valve gain will be the same
at all flows throughout the travel range.

100
Applications: %0 & i

> Valves  with a linear " ST
characteristic are often specified e
for liquid level control and for flow %offuic, |/
control  applications  requiring 10 /
constant gain. 0l 1/

20 1+

1n-__-"!

0 10 20 30 40 50 60 70 80 90 100
% stem position
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Valve Trim Characteristics

¢+ Equal Percentage

Ideally, for equal increments of valve plug travel, the change in
flow rate regarding travel may be expressed as a constant percent
of the flow rate at the time of the change.

100

Applications: % | & |
> Pressure control applications, %01 i
on applications where a large Zz @ﬁ""/
percentage of the pressure drop is ®eoffullc, |-/
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Valve Trim Characteristics

¢+ Equal Percentage
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Valve Trim Characteristics
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Valve Sizing

¢ STEP 1: Define the system

The system is pumping water from one tank to another through a
piping system with a total pressure drop of 150 psi. The fluid is water
at 70 °F. Design (maximum) flowrate of 150 gpm, operating flowrate
of 110 gpm, and a minimum flowrate of 25 gpm. The pipe diameter is
3inches. At 70 °F, water has a specific gravity of 1.0.

Key Variables: Total pressure drop, design flow, operating flow,
minimum flow, pipe diameter, specific gravity
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Valve Sizing

¢ STEP 2: Define a maximum allowable pressure drop for the valve

The usual rule of thumb is that a valve should be designed to use 10-
15% of the total pressure drop or 10 psi, whichever is greater.

For our system, 10% of the total pressure drop is 15 psi which is what
we'll use as our allowable pressure drop when the valve is wide open.

«» STEP 3: Calculate the valve characteristic

For our system

Co=RTE T
_ ., =150 L =48 T =30

whete: V15

() = design flowrate] opim)
5 = spectfic gravity relative to water

AP = allowable pressuredrop acrosswide open valve 20



Valve Sizing

» STEP 4: Preliminary valve selection

> Don't make the mistake of trying to match a valve with your
calculated Cv value. The Cv value should be used as a guide
In the valve selection, not a hard and fast rule.

» Some other considerations are:
v" Never use a valve that is less than half the pipe size,

v" Avoid using the lower 10% and upper 20% of the valve stroke. The
valve iIs much easier to control in the 10-80% stroke range.

Before a valve can be selected, decide what type of valve will be used.

For our case, we'll assume we're using an equal percentage,
globe valve. The valve chart for this type of valve is shown
below.
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Valve Sizing

¢+ STEP 4. Preliminary valve selection

DESKGNS ED AND ET (FLOW DESIGN ES (FLOW UP}
cm VALVE SG= . DIA. Vaive Opening, Percent of Total Travel
TERSTIC FRAVE w | 30 | 70 | o0 | 00| 10 | 30 | 70 [ 100 | 100
] Inches mim mim [ = F, c, F,
DN25 | 1, 1-14 19 33.3 783 | 220 | 783 | 172 | Ba | 783 | 186 | 954 | 174 | 85
1-15% 15 il | 152 387 17.4 A5 8 B4 1.54 357 17.2 334 a4
[oM s0 2 29 58.7 185 | 488 | 254 | so7 | B85 | 174 | a72 | 250 | 562 az
DM 85 2-12 3 3.0 343 0.5 | 49.2 EEE] B | 405 | 106 | 455 | B2.7 o3
DM B0 3 38 ar.a 432 | 108 | 60 | 136 a2 | 405 | w0 | sso0 | 121 A9
DM 100 4 51 111.1 585 18.3 1258 224 a2 G568 17.3 103 203 S
DM 150 B 51 177.8 129 | 433 | 230 | 394 a5 132 | 411 | 223 | 3s7 BE
Equal DM 200 B Th 2032 27.0 105 605 AlA a8 259 a7.8 G188 Bl B5
Parcentags X, o X, .
DM 25 | 1, 1-14 19 2.3 788 | 587 | 743 | 667 | --- | 754 | 763 | 830 | 721
DM 40 1-1/2 19 478 80 | 716 | &0 | Bve | --- | 674 | &84 | s98 | T3
O 50 2 29 58.7 B2T TTd .Foz2 BAT == 53 B4 T892 Ba8
DM &5 2-1.2 pL! | 73.0 Fra BETA JBA1 BEO e 747 T45 TEI ATA
O B0 3 38 ar.a T Ba2 EE3 BTS == TEA TE1 754 TST ..
DM 100 a 51 111.1 B | JE43 ETE T8 --- g2 739 T8 B ===
DM 150 & 51 177.8 GAR BRZ T36 frars - --- T3 JTET B0 A6 == a
DNZoo| @ 78 2002 | 844 | 636 | 725 | o7 | --- | 825 | 681 | 735 | s27 | |

For our case, it appears the 2 inch valve will work well for our Cv value at about 80-85% of
the stroke range. Notice that we're not trying to squeeze our Cv into the 1 1/2 valve which
would need to be at 100% stroke to handle our maximum flow.
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Valve Sizing

¢ STEP 5: Check the Cv and stroke percentage at the minimum flow

Cv at minimum flowrate:

L. =25,|IL =f.5
15

Referring back to our valve chart, we 