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Pressure & Back PressurePressure & Back Pressure
Regulators



Pressure Regulators
• SelfSelf-Self-Self-Self operated devices which work directly off of the SelfSelfSelf operated devices which work directly off of the operated devices which work directly off of the operated devices which work directly off of the 

medium.

• Pressure Reducing Valve Pressure Reducing Valve –– PRV
–

Pressure Reducing Valve Pressure Reducing Valve 
– Lowers inlet pressure to desired setpoint

• Back Pressure Regulating Valve Back Pressure Regulating Valve –– BPRV
–

Back Pressure Regulating Valve Back Pressure Regulating Valve 
– Maintains upstream/inlet pressure to desired setpoint
–

Maintains upstream/inlet pressure to desired setpointMaintains upstream/inlet pressure to desired setpoint
– Relief valve, overflow valve





Typical Regulator applications

 Applications requiring control within 2 to 20 
percent accuracy

 A myriad of “set and forget” functions
 Steam heating and/or pressure control
Chilled/Cooling water pressure comtrol
Plant air supply
Tank blanketing 
Various pump bypass, loop pressure and relief 

functions etc.



Regulator Advantages

 No external power is needed to position the valve
 No need for separate measuring elements or 

feedback controllers
 Designs tend to be simple, providing low cost, high 

reliability, and easy maintainability.
 Absence of stem packing eliminates external leakage 

and a source of high friction
 Regulators are “force balanced” with the controlled 

variable and offer very fast response



Regulator Limitations

 The controlled media must be relatively clean 
(free of solids) and benign as material of 
construction are limited

 Operating points are not constant due to 
droop

 Regulators cannot accommodate noise 
reduction/cavitation  control trims

 Failure modes fixed



Pressure Regulators-challenges

 AccuracyAccuracy-Accuracy-Droop/offset  and build in BPRV’s


AccuracyAccuracy
 Shut

Accuracy
ShutShut-
AccuracyAccuracyAccuracy Droop/offset  and build in BPRV’sDroop/offset  and build in BPRV’sDroop/offset  and build in BPRV’sAccuracyAccuracy
ShutShut-off Class and considerations

 High rangeability applications


High rangeability applications
 Regulators in series (High d/p applications)


Regulators in series (High d/p applications)
 Sizing/Selection requirements



Accuracy of Regulation – “Droop”

•• aka aka –– Proportional Band, Offset.
•

Proportional Band, Offset.Proportional Band, Offset.
•• Deviation from setpoint as flow increases through Deviation from setpoint as flow increases through Deviation from setpoint as flow increases through 

the regulator.
•

the regulator.
• Pressure falls below setpoint in PRV.
•

Pressure falls below setpoint in PRV.Pressure falls below setpoint in PRV.
• Inverse in BPRV is ‘build

Pressure falls below setpoint in PRV.
Inverse in BPRV is ‘buildInverse in BPRV is ‘build-
Pressure falls below setpoint in PRV.Pressure falls below setpoint in PRV.Pressure falls below setpoint in PRV.
Inverse in BPRV is ‘buildInverse in BPRV is ‘build-up’ or gain.

•
up’ or gain.up’ or gain.up’ or gain.

• The lower the droop, the better the regulator.
•

The lower the droop, the better the regulator.The lower the droop, the better the regulator.
• Mfgs typically specify ranges from 10%

The lower the droop, the better the regulator.
Mfgs typically specify ranges from 10%Mfgs typically specify ranges from 10%-
The lower the droop, the better the regulator.The lower the droop, the better the regulator.The lower the droop, the better the regulator.
Mfgs typically specify ranges from 10%Mfgs typically specify ranges from 10%-30%.



Regulator Accuracy & 
Characteristics

Established Setpoint



• Specify self-operated regulators when 
primary concerns are for cost and speed of 
response.

• Specify piloted regulators when primary 
concerns are accuracy, capacity, and 
rangeability.

Regulator Comparison



Regulator Accuracy Heirarchy

•• SelfSelf-Self-Self-Self Acting or ‘Direct’ acting regulatorsActing or ‘Direct’ acting regulatorsActing or ‘Direct’ acting regulators
–

Acting or ‘Direct’ acting regulatorsActing or ‘Direct’ acting regulatorsActing or ‘Direct’ acting regulatorsActing or ‘Direct’ acting regulators
–– 10%

Acting or ‘Direct’ acting regulators
10%-

Acting or ‘Direct’ acting regulatorsActing or ‘Direct’ acting regulatorsActing or ‘Direct’ acting regulators
10%-30% droop 

•
10%10%10%10%10%10%10%10% 30% droop 30% droop 30% droop 30% droop 30% droop 30% droop 

• Piloted regulatorsPiloted regulators
–

Piloted regulatorsPiloted regulators
– Small pilot capacities
–

Small pilot capacitiesSmall pilot capacitiesSmall pilot capacitiesSmall pilot capacitiesSmall pilot capacities
– Enlarged diaphragm surface areas Enlarged diaphragm surface areas –– 55-55-10% droop typical

•
Enlarged diaphragm surface areas Enlarged diaphragm surface areas 

• Air loaded regulatorsAir loaded regulators
–

Air loaded regulatorsAir loaded regulators
– Elimination of spring 

Air loaded regulators
Elimination of spring –

Air loaded regulatorsAir loaded regulators
– virtually zero droop

–
Elimination of spring Elimination of spring Elimination of spring Elimination of spring Elimination of spring Elimination of spring virtually zero droopvirtually zero droopvirtually zero droopvirtually zero droopElimination of spring 

– Allows the use of extended range I/P’s Allows the use of extended range I/P’s Allows the use of extended range I/P’s 
»

Allows the use of extended range I/P’s Allows the use of extended range I/P’s 
»» Control via 4

Allows the use of extended range I/P’s 
Control via 4Control via 4-

Allows the use of extended range I/P’s Allows the use of extended range I/P’s Allows the use of extended range I/P’s 
Control via 4Control via 4-20 mA

»»»» Faster response than a control loop



Air-Loaded PRV

• Elimination of spring –
virtually zero droop

• Air signal above diaphragm
• Air via an air regulator or I/P
• Increased Rangeability



Air Loaded PRV’s
“Send a signal, not an operator”

• Designed to permit the user to change set points remotely via a cabinet or        
panel-mounted air regulator, or through a DCS/PLC using an I-P transducer.

Back



ShutShut-Shut-off Class and considerations

ShutShut-Shut-off Class 
Hard Seat = ANSI Class IV shutHard Seat = ANSI Class IV shut-Hard Seat = ANSI Class IV shut-off
Allowable leakage .01% of rated capacity


Allowable leakage .01% of rated capacityAllowable leakage .01% of rated capacity
General utility



General utilityGeneral utility
Soft Seat = ANSI Class VI shutSoft Seat = ANSI Class VI shut-Soft Seat = ANSI Class VI shut-off
“bubble“bubble“bubble-“bubble“bubble-tight”


tight”tight”tight”
Hot Oil, feedwater pressure



Hot Oil, feedwater pressureHot Oil, feedwater pressure

PRV’s and BPRV’s are NOT designed to function PRV’s and BPRV’s are NOT designed to function PRV’s and BPRV’s are NOT designed to function 
as isolation valves



High Rangeability applications

Ratio of minimum flow to maximum flow
Beyond the capability of mechanical solution



Beyond the capability of mechanical solutionBeyond the capability of mechanical solution
Desire for a solution

Beyond the capability of mechanical solution
Desire for a solutionDesire for a solution-

Beyond the capability of mechanical solutionBeyond the capability of mechanical solutionBeyond the capability of mechanical solution
Desire for a solutionDesire for a solution-Using Droop as a positive

PRV’s in parallel


PRV’s in parallelPRV’s in parallel
One
PRV’s in parallel

OneOne-
PRV’s in parallelPRV’s in parallelPRV’s in parallel

OneOne-third/two
PRV’s in parallel

third/twothird/two-
PRV’s in parallel

third/twothird/two-third arrangement based on flow


third/twothird/twothird/twothird/twothird/two third arrangement based on flowthird arrangement based on flowthird arrangement based on flow
Setpoint slightly staggered 


Setpoint slightly staggered Setpoint slightly staggered 
Ex:  52 psi and 50 psi



Ex:  52 psi and 50 psiEx:  52 psi and 50 psi
As flow increases, one

Ex:  52 psi and 50 psi
As flow increases, oneAs flow increases, one-

Ex:  52 psi and 50 psi
As flow increases, oneAs flow increases, one-third valve begins to droop, which As flow increases, oneAs flow increases, one
then allows two
As flow increases, one
then allows twothen allows two-
As flow increases, oneAs flow increases, oneAs flow increases, one third valve begins to droop, which third valve begins to droop, which third valve begins to droop, which As flow increases, oneAs flow increases, one
then allows twothen allows two--thirds valve to open and deliver then allows twothen allows twothen allows two
required flow



Regulators in Series

900 psi 500 psi 125 psi

• Considerations:
– Ensure each PRV is capable of their respective D/P’s
– CRITICAL-PRV #2 has a max rating equal or greater 

than 900 psi in the event of PRV #1 failing



Valve Sizing-required data:

PIPE/LINE SIZE
 INLET PRESSURE (P1)
OUTLET PRESSURE  (P2)
MAXIMUM FLOW CAPACITY
MINIMUM FLOW CAPACITY
SERVICE If media is something other than steam, air, 

or water, then characteristics of the media are also 
needed (viscosity, specific gravity, etc.)



-If inlet pressure varies, Use lowest 
normal inlet pressure in sizing.

-If outlet pressure varies, use the highest 
normal outlet pressure in sizing.

Inlet and Outlet Pressure



-Minimum flow
-Maximum flow
-Size the valve large enough for the   
peak load.
-Min D/P with Max flow
-Max D/P with Min flow

FLOW RATE(S)



On all valves we use a sizing factor added to the 
required Cv of the process to choose the optimum Cv 
for operating the valve.

Pressure Regulators - .7 Control Valves - .9
Piloted Regulators - .6 Temperature Regulators - .7
Back Pressure Regulators -.5

Valve Cv = required Cv / sizing factor.

Sizing Factors and Cv selection



TANK BLANKETING

What is it?
Why do it?

The Application



WHAT IS TANK BLANKETING?

• Tank blanketing is the process of providing and maintaining a 
blanket, or pad, of gas above the liquid level in a closed tank. 
The pressures are usually very low; less than one psi.

• It is known by many names including inert gas blanketing, 
nitrogen blanketing, makeup, or padding.

• When closed (pipe away) venting is provided, that process is 
often referred to as Depad.



WHY DO WE BLANKET?

23

• Protection
- people
- environment
- product
- equipment

• Combustibles
- removes the oxygen 
required for combustion

• Prevents oxidation, 
contamination and 
evaporation

• Vapor recovery prevents 
harmful vapors from escaping 
into the atmosphere

• Reducing corrosion caused 
by oxidation helps maintain 
the integrity of the tank



THE APPLICATION

• The inerting gas (most prevalent is Nitrogen)is 
introduced into the tank vapor space. 

• The pressure in the vapor space is sensed and 
controlled by a pressure-regulating valve.

• Typically, the controlled pressures are between 
0.5" wc (0.018 psi) and 5" wc (0.18 psi).





WHAT DO WE BLANKET?

26

• Adhesives
• Catalysts
• Chemicals
• De-Ionized water
• Fats and oils
• Flavors
• Foods
• Fragrances
• Fuels
• Industrial coatings

• Inks
• Juices
• Pharmaceuticals
• Photographic chemicals
• Sealants
• Soaps
• Solvents
• Volatile combustibles
• Water for injection



Pressure & Back PressurePressure & Back Pressure
Regulators
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