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SURFACE

CHOKES

Production Chokes
• oil production
• gas production
• heavy oil production
• bitumen production
• water injection
• gas injection
• gas lift
• blow down
• vent valves
• steam service
• high pressure applications
• well clean-up
• test manifolds
Features
• ISO 15848-1 and ISO 15848-2
qualified fugitive emission
(FE) designs
• firesafe
• PR2 up to 20,000 PSI
and 450° F

production chokes

injection

high controllability
hydraulic system

erosive service

high pressure
applications

high temperature
up to 850°

large bore chokes

1.

Product Overview

5

CONTROL

VALVES

Process Control Service
• high - ∆P applications
• cavitation solutions
• erosive service
• critical shut-off applications
• high temperature
• optional connections
• line pipe
Features
• equal percentage flow trim
• low noise
• high pressure drop
• multi-stage trim
• custom trims for application
• class V shut-off, independent
from throttling
pneumatic piston
actuation

high temperature

manual

socket or threaded
connections

pneumatic
diaphragm
actuation
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ACTUATION
Pneumatic solutions
• piston type (DA/SR)
• diaphragm type
• stepping type
• pneumatic actuator for
emergency shutdown
(ESD) systems
Hydraulic solutions
• piston type (DA/SR)
• stepping type
• surface or subsea designs

pneumatic
diaphragm
actuator

pneumatic actuator
for ESD

linear hydraulic
actuator

electro-hydraulic
actuator

stepping
actuator

Electric solutions
• all voltages
• subsea service
• surface service
• solar-powered
• electro-hydraulic

pneumatic
piston actuator

electric
actuator
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SUBSEA

CHOKES

•
•
•
•
•
•
bolted bonnet
choke

HRV running
tool

diver insert
retrievable

Features
• qualified to 18,000 feet water depth
• qualified up to 20,000 PSI
• qualified to 350°F

P10 choke

HRV test &
transport skid

HRV insert
retrievable

linear
actuation
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All information in this brochure is accurate at time of printing.
Master Flo reserves the right to change any information without notice.
Please consult factory for latest product info.

8

2.

Technology Overview

9

Master Flo’s standard range of E-Series valves includes choke valves (right-angle bodies) and control
valves (inline bodies) that share the same internals for a given nominal size, thus they also share the
same design features and benefits.
In addition to the standard configurations below, project-specific and special configurations are also
available. Detailed brochures for each valve are available to provide additional information on the
various options.

MULTISTAGE TRIM
Cv

MULTISTAGE HIGH
PRESSURE TRIM
Cv

Lab Flo

14

4

3

**

27

7

6

**

103
103
137
137
179
179
216
216

45
45
83
83
129
129
205
205

14
*
25
25
54
*
54

10
*
17
17
35
*
35

**
**
**
**
**
**
**

300
300
300
400

54
77
77
*
110

35
50
50
*
75

**
**
**
**
**

NOMINAL
VALVE SIZE

STANDARD END
CONNECTION
SIZES

PSI

kPa

Bean Size

Max CV

P1E

1”, 2”

6 000

41 000

58

P2E

2", 2 1/2", 3"

10 000

69 000

81

5 000

34 000

15 000

103 000

6 000

41 000

10 000

69 000

P25E

2", 2 1/2", 3",4"

P3E

3", 4"

P35E

3",4",5", 6"

P4E

4",5", 6"

MAXIMUM PRESSURE
RATING

6 000

41 000

15 000

103 000

6 000

41 000

10 000

69 000

6 000

41 000

E -SERIES TRIM
Cv

10 000

69 000

15 000

103 000

6",8"

6 000

41 000

265
265
265
304

P8

8", 10"

6 000

41 000

450

700

*

*

**

P10

9", 11"

6 650

46 000

494

1200

*

*

**

P5E

P6E

5", 6"

Specifications subject to change without notice.
Other end connections are available on request.

* Custom Trim-Consult Engineering
** Consult Factory

NOMINAL
VALVE SIZE

STANDARD END
CONNECTION
SIZES

PSI

kPa

C1E

1”, 2”

3 600

25 000

MAXIMUM PRESSURE
RATING

E -SERIES TRIM
Cv
Bean Size
58

MULTISTAGE TRIM
Cv

MULTISTAGE HIGH
PRESSURE TRIM
Cv

4

3

Max CV
14

C2E

2”, 3”

6 000

41 000

81

27

7

6

C25E

2”, 3”

3 600

25 000

103

45

14

10

C3E

3”, 4”

3 600

25 000

137

83

25

17

C4E

4”, 6”

3 600

25 000

216

205

54

35

Specifications subject to change without notice.
Custom trim designs are available.
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micrometer calibration head
for repeatable trim positioning
heavy-duty thrust bearings minimize
operating torque
keyed stem provides
non-rotating rising motion
bushings guide and support valve
stem and trim
pressure-balanced trim
minimizes stem load
retaining sleeve protects valve body,
controls annular flow, and retains
the seat/nozzle assembly.

cage with external sleeve provides
long service life

4-port equal-percentage flow trim
provides superior control

upstream independent shutoff for long
sealing integrity
non-threaded trim
allows for easy servicing
& tight fit between trim and components

Balanced Trim Design

2.
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Master Flo’s E-Series trim has been designed for improved flow control, reduced wear and longer life.
The product line showcases advanced design and technology leading to greater flow performance and
productivity.

The E-Series trim consists of a ported cage with an
external sliding sleeve, which results in flow that
impinges in the center of the cage thereby dissipating
the throttling energy within the process media. The
external sleeve directs the impinging flow upward into
the trim away from the outlet; this further reduces the
throttling energy and contains the residual throttling
wear within the hardened trim components. The
valve body outlet is protected from wear because
the throttling energy is dissipated before the flow
enters the outlet bore. The retaining sleeve isolates
the main body bore from the incoming flow, further
protecting the body from potential wear. Flow control
and containment of wear make the Master Flo choke
valve ideal for high-pressure, large-pressure-drop,
and severe-service applications for both liquids and
gases.

external sleeve
carrier
solid tungsten
carbide external
sleeve inserts
solid tungsten
carbide internal cage

solid tungsten
carbide seat insert
seat carrier

throttling energy contained by trim
external sleeve
retaining sleeve
seat face
flow deflection lip
seat face
internal cage
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The Master Flo standard trim achieves accurate long-life control by using two pairs of ports in the nozzle.
The smaller lower ports provide the initial 15% control range while the larger upper ports provide the
overall capacity. This produces an equal-percentage flow characteristic that offers maximum control
throughout the operating range. The port configuration incorporates an exceptionally high turndown ratio,
which provides a wide control range and excellent versatility.

Cv Curve - Enhanced Trim

As shown in the Cv curves, the trim for each
valve size provides an equal-percentage flow
characteristic.

P1E
P2E
P25E
P3E

Cv

A gradual response in the lower portion allows
for controllability near the closed position, and
the upper portion shows the overall capacity of
the trim. This results in an exceptionally high
turndown ratio and maximum controllability.

Cv
P8
P6E
P5E
P4E
P35E

Stem Travel

Typical FL
The tendency for the pressure of a fluid to dip
below its final pressure while being throttled is
called the vena contracta effect. The magnitude
of this dip compared to the inlet and outlet
pressures is described by the liquid pressure
recovery factor (FL). A high FL value means a
less drastic vena contracta effect, which results
in a decreased cavitation potential, lower noise
generation and longer trim life. The Master Flo
trim has high FL values throughout its control
range.

1.00
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For applications with large pressure drops, Master Flo has multi-stage trims available that throttle the
pressure in two separate stages. These trims consist of two concentric ported cages with an intermediate
sliding sleeve. As in the standard trim, seating integrity is maintained throughout the life of the trim. By
splitting the overall pressure drop into two segments, the pressures at the vena contracta are prevented
from dipping as low as in a single-stage trim. The potential for cavitation and its associated erosion
and noise are also reduced. The multi-stage high pressure trim is suitable for larger overall pressure
differentials than the multi-stage high capacity trim and is available in various materials including Stellite
and 5CB Tungsten Carbide.
flow impinges on itself and
deflects into trim

external sleeve
retaining sleeve

flow deflection lip
seat face
outer ported cage
inner ported cage

Master Flo’s LabFlo trim features an
internal plug with a labyrinth cage designed
to allow smooth transition between cage
ports as well as control velocity throughout
the labyrinth. This premium tungsten
carbide trim is excellent for high pressure
drop applications, noise control, and
cavitation control. The compressionloaded trim allows for ease of service and
features a robust cage for durability.
Custom port designs are available to
optimize performance depending on fluid
type and Gas-Oil Ratio (GOR). This design
is not recommended for sandy service or
service where scale may cause plugging.

Plug

Labyrinth
Cage
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Master Flo’s newest engineering tool, SizeFlo, is a free iPhone
app for flow sizing. This user-friendly flow sizing software
calculates valve capacity, flow rate, pressure drop and valve
settings. It uses ISA S75.01 formulae to guide users through a
series of step-by-step entries.

Visit masterflo.com
to download our SizeFlo sizing app for your
computer or mobile device!

Manually-operated valves are supplied with
a linear position indicator called a calibration
head. This indicator has a square cross
section, so it can have a different scale on
each of its four faces. This ensures that
the valve position can be monitored in the
desired units including Cv, bean size, mm
or number of turns (micrometer scale).
The standard scale is the “micrometer”
scale, which indicates valve position by
the number of turns of the handwheel
with a resolution of 1/10 of a turn. This
provides exceptional repeatability in valve
positioning.

2.
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For applications where minimum thrust is needed, Master Flo
has developed a balanced trim design that effectively reduces
valve thrust requirements. By communicating downstream
pressure behind the external sleeve, this trim design balances
the forces exerted on the internal components of the choke.
This design is suited for use with solar actuators where a self
powered automated choke can be remotely located.
When D1= D2, then the force resulting from the inlet pressure
(P1) is reduced to zero since the area above and below the
collar is the same.
The force generated from the downstream pressure (P2)
equates to the area of the valve stem (D3) multiplied by
downstream pressure.

15

D3

D1

D2

P1

P2

Master Flo has developed a proprietary 5CB Tungsten Carbide with a micrograin composite binder.
Extensive erosion testing has confirmed that 5CB offers a marked improvement in erosion resistance.
This material also has exceptional corrosion resistance and superior toughness.
5CB Tungsten Carbide is a premium material suitable for all service conditions and especially for highvelocity or erosive applications. All 5CB trim components are manufactured from solid (rather than coated)
parts, which further enhances the trim life.
Together with the E-Series design features, 5CB trim materials set the standard for choke performance.

To control erosion, the carbide must prevent loss of
the binder element. 5CB’s structure and composition
optimize erosion performance. The results show
Master Flo’s 5CB as having the least amount of
material loss compared to other Tungsten Carbides.
Testing in the Master Flo erosion loop evaluated
various Tungsten Carbide grades based on mass
loss under controlled conditions of velocity and sand
concentration. It provided evidence that our 5CB
material will control erosion 7.7 times better than 6%
nickel carbide. Of the 5 cemented carbide grades
tested, the nearest challenger suffered material loss
at a rate 51% greater than 5CB.

= Optimal Performance

INCREASING MATERIAL LOSS (GRAMS)

2.
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To control corrosion, the micrograin
composite binder in the Tungsten
Carbide trim is key.
Master Flo’s proprietary 5CB provides
exceptional corrosion resistance
necessary for oilfield applications.
Testing was conducted at a third-party
facility where three Tungsten Carbide
grades were tested in a solution
comprised of HCI acid saturated with
H2S and CO2 at a temperature of
50°C for 168 hours. The results show
5CB with a 220% improvement in
corrosion resistance over a 6% nickel
carbide binder.

16

Corrosion Resistance

INCREASING WEIGHT LOSS (MG/CM2/DAY)

Toughness Comparison

The toughness of a material
increases its ability to resist
fracture, thus reducing impactrelated failures. Toughness of
cemented carbide is evaluated with
a Palmqvist test. The test results
refer to stress intensity denoted as
K1C. Testing conducted at a thirdparty facility indicated that 5CB has
a toughness advantage over all the
carbide grades tested. Test results
are shown in the accompanying
chart.

INCREASING TOUGHNESS (KIC (Mpa*m ½)

2.
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The stationary trim components are held in place by a retaining sleeve that allows these parts to be
easily aligned with the flow ring during valve assembly. With the trim mechanically retained rather
than threaded into the valve body, all of the valve’s internal components can be removed from the
body without the need for special tools. This ensures ease of service and inspection and the tightest
tolerance between trim components.
Once the bonnet has been released from
the valve body, the entire “choke cylinder”
(including all internal components as well
as the actuator, if applicable) is free to
be removed.
The retaining sleeve also functions to
control the flow of the process media in
the annular volume around the trim. It
isolates the valve-body bore from the flow
and directs the flow to the nozzle ports.
Through extensive erosion testing, the
design of the retaining sleeve has been
optimized to extend valve life.

The Master Flo trim is designed to achieve exceptional shutoff throughout its life. The tapered seat faces
are positioned upstream from the throttling components to reduce throttling wear. Incoming flow is diverted
away from the sliding seat face by a flow-deflection lip on the leading edge of the flow ring. A “dead band”
between the stationary seat and the nozzle ports ensures that flow is minimal during seating, which further
protects the seat faces from wear.
The trim achieves Class V shutoff per FCI 70-2 - 1998. Class VI shutoff is also available with suitable
actuation.
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Stem-lock
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Master Flo manufactures a range of actuators to complement our choke and control valve product lines.
These include linear hydraulic or pneumatic piston and rotary hydraulic or pneumatic stepping actuators.
Manually-operated valves may be field converted to automated actuation.
Our actuators have the following features:
● Compact
● Robust
● High Performance
● Controllability

●
●
●
●

Single and three-phase AC electric
Low-voltage DC electric
Pneumatic diaphragm
Electro-hydraulic actuators

●
●
●
●
●
●
●
●

Input Signal 3-15 psig, 6-30 psig, 4-20 mA, HART, fieldbus *
Output Signal 4-20 mA, HART, fieldbus
Supply Pressure 80 - 150 psig
Accuracy ± 1 to 3% full scale *
Certification CSA/FM/UL explosion proof or ATEX intrinsically safe or flameproof *
Operating Medium instrument air, sweet instrument gas also available
Temperature Range -20 to +150° F (-29 to +66°C)
Fail Action spring-assist fail close - standard, fail lock also available

Master Flo Pneumatic Piston Actuators are suitable for use with a variety of positioners.
* positioner dependent
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Insert Retrievable (HRV)

All information in this brochure is accurate at time of printing.
Master Flo ValveTM reserves the right to change any information without notice.
Please consult factory for latest product info.
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Pneumatic actuation
• Piston (DA*/SR*)
• Diaphragm
• Stepping

Hydraulic actuation

• Piston (DA*)
• Stepping
• Surface or Subsea designs

Electric actuation
•
•
•
•
•
•

All voltages
Subsea
Surface
Solar power
Electrohydraulic power
Fail-Closed models

* : Double-Acting
*SR: Spring Return

21
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Designed specifically to handle the severe service applications seen on offshore platforms, this
Double-acting pneumatic piston actuator has a proven performance track record. The actuator is
environmentally sealed to reduce many of the corrosion effects common to the industry.
Operator safety and
environmental awareness,
always a concern at Master
Flo, have resulted in a design
with no exposed linkages. The
double-acting piston operates on
a minimum of 80 psi pneumatic
supply providing a rigid control
system for higher pressure choke
valves. The internal spring
provides fail-closed operation
features upon loss of pneumatic
or electrical signal.

Master Flo Pneumatic Piston Actuators are
suitable for use with a variety of positioners.

Construction Materials

Carbon or low alloy steel

Piston Area

PDA 50: 46 square inches
PDA 100: 91 square inches
PDA 200: 185 square inches

Input Signal

3-15 psig, 6-30 psig, 4-20 mA, HART, fieldbus *

Output Signal

4-20 mA, HART, fieldbus

Supply Pressure

80 - 150 psig (5.5-10.3 bar)

Accuracy

± 1 to 3% full scale *

Certification

CSA/FM/UL explosion proof or ATEX intrinsically safe or flameproof *

Operating Medium

Instrument air, sweet instrument gas also available

Temperature Range

-20°F to +150°F ( -28°C to +66°C)

Fail Action

Spring-assist fail close - standard, fail lock also available

* positioner dependent

3.
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The double-acting pneumatic piston actuator is available in three models to provide optimized selection.
Units are available with single, double and triple-spring configurations depending on thrust requirements.
All units can be supplied to meet CSA, UL or Atex certification and can be equipped with an optional
manual override feature. Open yoke option available on request.

PDA 50

PDA 100

PDA 200

Weight = 70 lbs. [32 kg]
D = 9.00 in. [229 mm]

Weight = 245 lbs. [111 kg]
D = 12.25 in. [311 mm]

Weight = 385 lbs. [175 kg]
D = 16.75 in. [425 mm]

L

L

L

Valve Model

in

mm

sv

in

mm

sv

in

mm

sv

P1E

27.00

686

-

-

-

-

-

-

-

C1E

28.28

718

-

-

-

-

-

-

-

P2E

27.28

639

-

34.89

886

-

34.89

886

-

C2E

29.03

737

-

36.64

931

-

36.64

931

P25E

27.35

695

-

34.93

887

-

34.93

887

-

C25E

29.10

739

-

36.72

933

-

36.72

933

-

38.12

968

-

38.12

968

-

-

40.44

1027

-

40.44

1027

-

P3E

30.28

769

C3E

32.59

828

P35E

-

-

-

43.36

1101

-

43.36

1101

-

P4E

-

-

-

43.36

1101

-

43.36

1101

-

C4E

-

-

-

47.11

1197

-

47.11

1197

-

P5E

-

-

-

45.69

1160

-

45.69

1160

-

P6E

-

-

-

49.45

1256

-

49.45

1256

-

P8E

-

-

-

-

-

-

54.06

1373

-
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The linear hydraulic actuator is custom designed
for Master Flo chokes to provide the optimum
thrust output required by our choke valve line.
Designed to provide light, compact and efficient
operation for choke valves, this 3,000 psi
hydraulic supply actuator is a modified doubleacting piston design.
As with all Master Flo actuators, environmental
protection and operator safety promotes a design
with a sealed accessory drive mechanism and
no exposed linkages. The actuator is normally
equipped with a position feedback unit; however,
an optional hydraulic control system can be fitted
to allow the operator to input a 4-20 mA signal to
position the choke.
Open yoke option is available on request.

Hydraulic FC1/FC2/FC3 Specifications
Construction Materials

Carbon or low alloy steel

Piston Area
(square inch)

FC1: open: 8.8, close: 4.7
FC2: open: 20.1 (P2, P25), 17.7 (P3, P3-10K); close: 8.3 (all)
FC3: open: 24.3, close: 12.4

Input Signal

4-20 mA (with control system)

Output Signal

4-20 mA

Supply Pressure

1500 - 3000 PSIG

Accuracy

± 1% of full scale (with control system)

Certification

CSA/FM/UL: explosion proof or ATEX: intrinsically safe or flameproof

Operating fluids

Mineral oil based hydraulic fluid (Brayco Micronic 864 standard)

Temperature Range

-20°F to 150°F

Cleanliness Requirements

Minimum NAS 1638 Class 9 (with control system)

Fail Action

Fail-close, fail open or fail last

104.4 - 207.9 bar

-28°C to 66°C

3.
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The double acting hydraulic piston is available in three models to provide optimized selection. All units
can be supplied to meet CSA, UL or Atex certification and can be equipped with an optional manual
override (hand pump) feature. The unique cylinder design can provide fail-closed, fail-open or fail-last
position operation.

FC1

FC2

FC3

Weight = 40 lbs. [18 kg]

Weight = 80 lbs. [36 kg]

Weight = 120 lbs. [54 kg]

L

L

L

Valve Model

in

mm

sv

in

mm

sv

in

mm

sv

P1E

19.44

494

-

-

-

-

-

-

-

C1E

20.72

526

-

-

-

-

-

-

-

P2E

-

-

-

24.31

618

-

-

-

-

C2E

-

-

-

26.06

662

-

-

-

-

P25E

-

-

-

24.35

619

-

-

-

-

C25E

-

-

-

26.10

663

-

-

-

-

P3E

-

-

-

27.78

706

-

-

-

-

C3E

-

-

-

30.09

764

-

-

-

-

P35E

-

-

-

-

-

-

40.22

1022

-

P4E

-

-

-

-

-

-

40.22

1022

-

C4E

-

-

-

-

-

-

40.22

1022

-

P5E

-

-

-

-

-

-

43.97

1117

-

P6E

-

-

-

-

-

-

41.41

1052

-

P8E

-

-

-

-

-

-

45.16

1147

-

P10E

-

-

-

-

-

-

49.53

1258

-
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The Master Flo Stepping Actuator is designed to operate our P2
through P10 choke valves using pneumatic or hydraulic supply. The
precision and high torque generated through the 36° incremental steps
makes this actuator an excellent choice for higher pressure valves.
The actuator system has been subjected to extensive endurance
testing and has a superior field performance record for durability and
reliability. The operating principal consists of independent systems for
the close and open cycle. Each system utilizes a spring cylinder to
provide linear thrust which is converted into rotary action through the
actuator mechanism.
This rotary action provides the torque
necessary to rotate the standard stem nut
operating the valve. This makes this actuator
ideal for field conversion where manual
valves are converted to actuated units.

Stepping Actuator Specifications
Actuator Weight

165 lbs

74.8 kg

Operating Temperature Range

-20°F to 180°F

-28°C to +82°C

Output Rotation per Step

36°

Rated Output Torque:

160 ft-lbs @ 100 psig
310 ft-lbs @ 100 psig
320 ft-lbs @ 3,000 psig

216.9Nm @ 7.9bar
420.3Nm @ 7.9bar
433.9Nm @ 207.9bar

150 psig max
100 psig max
3,000 psig max

11.4 bar
7.9 bar
207.9 bar

Pneumatic
Pneumatic high torque
Hydraulic

Operating Supply:

Pneumatic
Pneumatic high torque
Hydraulic

Air Consumption

2.6 scfm (std.), 5.1 scfm (HT*) **

Hydraulic Consumption

1.3 cuin/step

Operating Cylinder Connection

1/4” NPT, (1/2” NPT for HT*)

Manual Override Drive

11/2” hex or optional handwheel

Local Position Indication Scale

0-100% travel

Position Transmitter Connection

3/4” NPT

Position Feedback Resolution

± 0.5 steps

Position Feedback Linearity

± 1.2% max

Positional Accuracy

+/- 1 step
** 2 sec./cycle operating speed &100 psig supply

* HT : High Torque
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The rotary stepping actuator is available for a wide range of pneumatic or hydrologic pressure. This actuator
is typically operated through solenoids in conjunction with position feedback supplied from a 4-20 mA
position transmitter unit. This provides remote monitoring of the choke position. Optional positioner control
systems are available which will allow the operator to input a 4-20 mA signal to position the choke. All
units come with a 11/2” hex drive for manual operation or can be equipped with a declutchable handwheel.

Stepping Actuator
Weight = 165 lbs. [75 kg]
L
Valve Model

in

mm

# of steps

P1E

-

-

-

C1E

-

-

-

P2E

16.83

427

110

C2E

17.20

437

110

P25E

16.83

427

120

C25E

17.20

437

120

P3E

20.39

518

170

C3E

22.70

577

170

P35E

27.11

689

160

C35E

30.86

784

160

P4E

27.11

689

200

C4E

30.86

784

200

P5E

28.59

726

225

P6E

32.38

822

270

P8E

32.59

828

335

P10

33.69

856

335
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Options
Pneumatic Diaphragm
Master Flo prides itself on its versatility and ability to adapt
to customer requirements, and third party actuation on our
choke valves is another example of this commitment. Most
Master Flo chokes are available with a wide array of actuator
types and models as project requirements prescribe.
Shown here is one of the more common types, the Fisher
diaphragm actuator, suitable for operation with 20 or 35 psi
supply and fail-open or fail-closed configurations.

Right-Angle
Mounted
Linear
Actuator
For unique piping configurations or areas with
space constraints, Master Flo offers a right-angle
mounting hardware for linear actuators.
This option allows the operator to configure the actuator orientation at
right angles to the valve stem axis. Since the hardware is fixed to the valve
body, another benefit of this mounting is valve service. The actuator and its
utility connections can remain in position when servicing the valve internal.
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Electric
Master Flo offers a wide range of electric
actuation, from low voltage/low power to large
high torque units, in a variety of certifications
to meet our customers’ needs.

We are able to provide complete solar-powered
actuation packages, including:
• solar panels
• battery boxes

• controllers
• pole mounts

We pride ourselves in finding the right electric actuation solution for you!
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Master Flo Research and Development Facilities Overview
Engineering Systems:
• Auto CAD
• Creo 3D CAD and finite element
analysis software
• Flow modeling software

R & D Equipment:
• Capacity “CV flow loop”
• Sand slurry loop
• Cold hyperbaric test chamber
• API 6A appendix F/17D facilities
• Anechoic chamber
• Trim impact testing apparatus
• Fugitive emissions testing

Product Range
Master Flo provides flow solutions for a range of
applications, including: high erosion, high pressure,
high temperature and Steam Assisted Gravity Drainage
(SAGD). We collaborate with customers to ensure our
chokes deliver optimal field performance and productivity.
Our products are designed and manufactured to ISO and
API requirements.
Surface:
• Production choke
• Injection choke
• Drilling choke
• Dump valve
• Well cleanup valve
• Well test valve
• Control valve

Subsea chokes:
• Bolted bonnet choke
• Diver insert retrievable
choke
• Tool insert retrievable
choke

Actuation:
• Complementing both surface and subsea products:
Surface
• Pneumatic piston
• Hydraulic piston
• Rotary stepping
• Electric

Subsea
• Hydraulic piston
• Rotary stepping
• Electric

Pneumatic Emergency Shutdown Systems:
• With reverse acting gate valve
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Erosion Management
To generate laboratory results using field conditions
you need specialized equipment.
More than a decade ago, Master Flo listened to
the market demand for robust chokes as 15K
wells became standard offering and the oil sands
markets developed. This led to the investment and
development of our purpose built slurry loop that
improved our product and has set the benchmark
for choke performance.
The slurry loop is the proving ground for all trim
designs, trim materials and design modifications.
Used almost daily by Master Flo R&D engineers,
the loop is also made available to customers for
product qualification and field simulation.

Slurry testing facility

Why?
The need to benchmark the erosion capabilities of
choke valve designs is related to the function of the
valve. Since the purpose of the valve is to cause a
pressure drop, the act of causing the pressure drop
will result in high velocity being generated across the
valve trim and potentially in the valve outlet. This high
velocity has the potential to cause material loss in
the valve trim and valve outlet. Many material grades
of trim are used in choke valves from stainless steel
to various grades of tungsten carbide. Even within
the tungsten carbide grades, the binder elements will
cause significant performance disparity. Trim design
also plays a very critical role in erosion control for the
trim and valve outlet. The testing done with our sand
slurry loop has produced evidence that a cage with
external sleeve trim design is far superior to other
trim designs. Our testing is normally done with 1%
sand slurry flowing at an 850 psi pressure drop. In
the absence of an industry standard for choke valve
slurry testing we have developed our own standard
MFV-ES-01-000-018*.

Slurry pump

4.

Technology Research Information Manual

32

Proving the product in the lab

Cage With External Sleeve

Erosion
Control Solution

Over 35 years of experience and refinement
• Third generation of trim enhancements incorporates many patented
features
Economical
• Single stage robust design is standard product for efficient manufacturing
Available in tungsten carbide, Stellite or Stainless steel
• Trim materials cater to both erosive and corrosive applications
Superior for erosion control
• Cage design results in fluid impingement through opposing ports
• External sleeve protects valve outlet by causing uniform outlet velocity
profile
• Premium 5CB tungsten carbide grade exclusively used and extensively
tested
• Fluid passage through the valve is uninhibited by small galleries that
can cause plugging
Excellent for inhibiting scale
• Fluid passage through the valve is uninhibited by small galleries that
can cause plugging
• Single stage cage with external sleeve design maintains suitable velocity
throughout the valve
Shut off capabilities
• ANSI/FC1 70-2 Class V as standard
• ANSI/FC1 70-2 Class VI optional
• Shut off feature independent of throttling feature
• Shut off feature is upstream of throttling device
Excellent for high velocity applications
• Cage design results in fluid impingement through opposing ports
reducing jet velocity
• External sleeve protects valve outlet by causing uniform outlet velocity
profile
Excellent for controllability
• Lower cage ports provide approximately 15% of total capacity
• Equal percentage trim characteristic provides good startup control
• Long stem travel for positional accuracy
• High turndown ratio due to long stem travel and equal percentage
characteristics

Excellent for liquid, gas and multi-phase production
• Low pressure recovery design for control of cavitation, velocity and noise
• Single stage trim design eliminates concern with changing Gas-Oil Ratio
(GOR) – trim is multi-purpose
Excellent for injection applications
• Low pressure recovery design for control of cavitation, velocity and noise
• Equal percentage trim characteristic provides good controllability
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Valve Capacity Management
How can you be sure that your valve selection
will not leave you short on production quotas
or with an excessive pressure drop in the
injection facilities?
Valve manufacturers are not required
to capacity (Cv) test their valves to ISA
S75.02.01*, so many just list theoretical
values. This practice often results in valves
being undersized for the application. Ask your
valve supplier if the CV ratings are theoretical
or experimental.
Cv Testing Facility

Why?
By capacity testing the valve model per ISA S75.02.01*,
manufacturers record valve capacity throughout
the valve travel. The use of ISA S75.01.01* sizing
equations allow our engineers to calculate application
capacity requirements from the flow conditions
advised. Providing an upstream and downstream

pressure, along with the specific gravity, flow rate
and temperature, allows us to calculate a required
Cv. This Cv is compared to the tested data recorded
by following the ISA S75.02.01 standard for correct
valve selection.

Cv Graphs

Size it up!

Calculate your own sizing by downloading the sizing
program off our website, or use our free sizing
application on your iPhone, Android device, or
BlackBerry. Application name: SizeFlo

• Standard Cv Curves
• Custom trim characteristics available for application
optimization or customer specific requirements

TM
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Multi-stage Trim Design
Over 20 years of refinement
• Patented design with extensive field experience

Cavitation Control Solution

Good capacity
• Limited number of pressure letdowns enhance overall
trim capacity
• Maintains consistent pressure balance throughout
travel
• Two concentric cages open or close simultaneously,
balancing the change to the orifice of each cage
Available with custom porting/pressure balance for
optimum performance
• Pressure balance across each cage can be customized
for optimum noise control and pressure drop
Available in tungsten carbide or Stellite
• Premium 5CB tungsten carbide grade ensures good
erosion control.
• Stellite material provides proven cavitation resistance
Excellent for cavitation and flashing control
• Pressure drop is staged through the trim to multiple
pressure reductions, maintaining pressure above the
vapor pressure and preventing cavitation
• Increases the pressure at the vena contracta due to
low pressure recovery and high FL
Excellent for noise control
• Ports can be customized for optimum pressure and
velocity balance
• Maintains proven cage with external sleeve advantage
for uniform outlet velocity
• Two concentric cages open or close simultaneously,
balancing changes to the orifice of each cage
• Very low pressure recovery, high FL
Excellent for liquid, gas and multi-phase production
• Two concentric cages open or close simultaneously,
changing the orifice of each cage so fluid Gas-Oil
Ratio (GOR) is unrelated
• High turndown ratio for excellent control on startup
• Maintains proven cage with external sleeve advantage
for valve outlet protection
Excellent for injection applications
• High capacity for late field life and minimum pressure
reduction applications
• High turn down ratio for excellent control on startup
• Equal percentage trim configuration for good
controllability
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Noise Testing
The Master Flo commitment to empirical testing
to ensure specification conformance, and
ongoing product improvement, is evident through
continual equipment and facility investment. The
latest addition to our Research and Development
department is an anechoic chamber where noise
and vibration data can be collected by simulating
“field like” conditions using our quintuplex
pump and high pressure closed loop. This tool
is invaluable for the determination of X FZ
(onset of cavitation), flow-induced vibration
analysis, and noise measurement.

Anechoic Chamber

Why?
We are increasingly conscious of environmental
and personnel safety. Our HSE mandate not
only includes internal operations, but the product
we sell and the customers we sell our product
to. In addition to the extensive performance
qualification conducted at Master Flo, we need to
ensure conformance to customer specifications.
Many installations now limit noise emitted within
the facility to a maximum of 85dBA. Since the
choke valve is the throttling device where fluid
energy is dissipated, the valve is a potential
noise source. Since the noise generated from
the valve is subject to inherent factors related
to the trim design, for example FL, X T and
XFZ, it is necessary for manufacturers to obtain
empirical data relative to these variables. The
predicted noise generated from throttling valves is
normally a calculated value, following the analysis
guidelines outlined in IEC 60534-8-3* and
IEC 60534-8-4*.
These prediction methods require input of critical
valve geometry factors such as Liquid Recovery
Factor (FL) and XT. These can only be accurate
if information input is gained through extensive
empirical testing.

Highly skilled personnel and uninhibited access to our
in-house flow loops and our anechoic chamber makes the
required testing possible.
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LabFlo Trim Design

Noise Control Solution

Internal plug/compression load design
• No threaded components for ease of service
• Robust cage cross-section for durability
• Designed to minimize potential of plugging
• Designed to minimize potential scaling
Premium tungsten carbide construction
• Manufactured from our proprietary tungsten carbide (5CB)
• Material grade developed to resist erosion and corrosion
Excellent for high pressure drop applications
• Pressure reduction over 13 inter-dependent letdown
features
• Designed to allow smooth transition between cage ports
Excellent for noise control
• Custom port designs available to optimize performance
depending on fluid type and Gas-Oil Ratio (GOR)
• Low pressure recovery design to minimize pressure drop
across the trim design
• Designed to control velocity throughout labyrinth
Excellent for cavitation control
• Pressure reduction over 13 inter-dependent let down
features
• Low pressure recovery design to increase pressure at the
final vena contracta
Accommodates for conversion to single stage trims
• Simple conversion to single stage trims
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Performance Management
Protecting your employees, the environment and
your investment is all part of good management.
At Master Flo, we do our part through dedicated
facilities equipped with state-of-the-art equipment
where our trained engineers conduct extensive
tests before our product is admitted into the field
– be it 11,000 ft underwater in the Gulf of Mexico,
in the cold and hot operating extremes of the
Canadian oils sands, or the corrosive conditions
on a platform in Southeast Asia.
Our facilities include a hyperbaric test center, a
cold chamber, and a heating facility that allow us
to conduct a variety of performance testing as per
API 17D* and API 6A Appendix F*. In addition, as
part of our product enhancement and continuous
improvement initiative, we cater to, and welcome,
any customer-specific tests.

Hyperbaric Test Center

Master Flo’s custom-built Hyperbaric Test
Center in Houston is one of the largest of its
kind in the United States. It enables equipment
to be tested at pressures equivalent to a depth
of 23,000-feet/7,000-meters-below-sea-level
(10,000 PSI / 690 bar). In-sourcing this critical
testing operation reduces the risk and costs
associated with product qualification, which in
turn enables Master Flo to provide our customers
with greater value.

Why?
Equipment performance verification is performed
to ensure valve designs will perform adequately
when subjected to pressure and temperature limits.
The testing provides empirical data regarding the
performance of the assembly when subjected to the
effects of thermal expansion and pressure loading.
The tests also ensure seal integrity as these materials
are often adversely affected by cold and/or hot
environments and cycles. The industry standard for
performance verification of choke valves for surface
products is covered through API 6A /ISO 10423*
section 10.9.2 with extended optional testing covered
by appendix F in the same standard. We recommend
all products be qualified per API 6A PR2 with additional
qualification according to the guidelines listed in API
6A Appendix F. Subsea chokes are qualified per API
17D/ISO 13628*.

Extended performance verification testing can
include fugitive emission (FE) testing, fire-safe
testing, and cryogenic testing. Master Flo has
conducted testing to all levels of qualification.
Typical specifications that cover FE testing are
ISA SP-93*, ANSI/FCI 91-1* and ISO 15158*. A
common customer specification that is requested
is Shell SPE77/312*.
Fire-safe testing, although not a specific requirement
for choke valves, is sometimes requested depending
on the application. Fire-safe testing is normally done
per API 6FA.
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