
Pressure relief valve

What is pressure relief 

valve ?



Type of pressure relief valve

What is:

• Relief valve

• Safety valve

• Safety relief valve



What are the sizing basis 

of a pressure relief valve ?

• External fire

• Thermal expansion

• Block outlet

• Control valve failure

• Abnormal process

condition

• Utility failure

Pressure relief valve sizing base



Conventional pressure relief valve

What is the parts of 

conventional pressure 

relief valve ?



Conventional pressure relief valve

What is the advantages 

& disadvantages  of 

conventional pressure 

relief valve ?



Problem on conventional

pressure relief valve

What is back pressure 

of a pressure relief 

valve ? 

NOTE:

Especially for LIQUID 

(not-compressible fluid) 

application



Balanced bellow pressure relief valve

What is the solution of 

back pressure problem at 

pressure relief valve ?



Balanced bellow pressure relief valve

What is the advantage 

of balanced bellow 

pressure relief valve ?



A bellows with an effective area (AB) equivalent to the nozzle seat area 

(AN) is attached to the upper surface of the disc and to the spindle 

guide. 

The bellows arrangement prevents backpressure acting on the upper 

side of the disc within the area of the bellows. The disc area extending 

beyond the bellows and the opposing disc area are equal, and so the 

forces acting on the disc are balanced, and the backpressure has little 

effect on the valve opening pressure.

Balanced bellow pressure relief valve

What is the advantage 

of balanced bellow 

pressure relief valve ?



Two Separate Valves

• Main Valve : For Flow.
• Pilot Valve: For Pressure

Pilot operated pressure relief valve

What is pilot operated 

pressure relief valve ?



The pressure is supplied from the upstream side (the system being protected) to 

the dome often by a small pilot tube. The downstream side is the pipe or open air 

where the PORV directs its exhaust. The outlet pipe is typically larger than the 

inlet.

The upstream pressure tries to push the piston open but it is opposed by that 

same pressure because the pressure is routed around to the dome above the 

piston. The area of the piston on which fluid force is acting is larger in the dome 

than it is on the upstream side; the result is a larger force on the dome side than 

the upstream side. This produces a net sealing force.

The pressure from the pilot tube to the dome is routed through the actual control 

pilot valve. There are many designs but the control pilot is essentially a 

conventional PRV with the special job of controlling pressure to the main valve 

dome. The pressure at which the control pilot relieves at is the functional set 

pressure of the PORV. When the pilot valve reaches set pressure it opens and 

releases the pressure from the dome. The piston is then free to open and the 

main valve exhausts the system fluid. The control pilot opens either to the main 

valve exhaust pipe or to atmosphere.

Pilot operated pressure relief valve

What is pilot operated 

pressure relief valve ?



Pilot operated pressure relief valve

What is the advantage 

of pilot operated 

pressure relief valve ?



Pressure relief valve terminology

What is:

• Set pressure

• Closing pressure

• Blowdown

• Accumulation

• Overpressure

• Coefficient of

discharge



Pressure relief valve chart

Pressure relief valve % of 

disc opening versus set 

pressure chart.

VERY IMPORTANT:

• In the beginning, the

pressure relief valve

begin to open at its set

pressure

• Then the piping or

vessel pressure will

increase to a certain %

of set pressure that is

called overpressure

• When the piping or

vessel pressure drops

below a certain % of set

pressure that is called

blowdown  the

pressure relief valve will

be closed.



Pressure relief valve standard

Standard of pressure 

relief valve.



Overpressure & Blowdown standard of pressure relief valve

For example:

ASME Sec VIII safety relief valve standard for steam

Overpressure = 10 %

Blowdown = 7 %

Pressure relief valve standard



Pressure relief valve disc construction

Detail of pressure relief 

valve disc.



Pressure relief valve

at normal operation

Pressure relief valve at 

closed position.

When the fluid pressure inside the piping or vessel 

is still below the set opening pressure  the fluid 

pressure is contacting the small area (A) of the disc 

 pressure relief valve will be closed



Pressure relief valve at initial opening

Pressure relief valve at 

initial opening.

When the fluid pressure inside the piping or vessel 

increases and reaches the set opening pressure 
The disc of the pressure relief valve will begin to 

open Now the fluid pressure is contacting the 

bigger area (B) of the disc



Pressure relief valve at fully opening

Even though the spring force rejects the opening of 

the disc  now the fluid pressure is contacting a 

more bigger area (C) of the disc  resulting the 

fluid pressure inside the pipe or vessel increases to 

a maximum overpressure allowed. 

Pressure relief valve at 

fully opening.



Pressure relief valve at fully opening

When the fluid pressure inside the piping or vessel 

drops and reaches the set opening pressure  the 

pressure relief valve is still open  because the 

fluid is still contacting a bigger area (C) of the disc

When the fluid pressure 

inside the piping or 

vessel drops and 

reaches the set opening 

pressure.



Pressure relief valve

at normal operation

Pressure relief valve at 

closed position.

When the fluid pressure inside the piping or vessel 

drops & reaches the maximum blowdown specified 

 the pressure relief valve will be closed



All ASME safety relief valves must have a capacity 

certification issued by NBBI (the national board of boiler & 

pressure vessel inspector) 

ASME CODE for safety relief valve

What is ASME pressure 

relief valve ?



The National Board of Boiler and Pressure Vessel Inspectors (NBBI) is 

composed of chief boiler and pressure vessel inspectors representing states, 

cities, and provinces enforcing pressure equipment laws and regulations

Each year, representatives from around the world travel to the National Board 

Testing Laboratory north of Columbus, Ohio. 

The purpose: to accurately measure the performance of their company’s 

pressure relieving devices.

Tested products undergo independent certification of function and capacity. 

A pressure relief device meeting new construction standards and 

specifications permits the manufacturer to apply the National Board NB mark 

to new equipment. 

Capacity certification signifies equipment designs have been thoroughly 

reviewed. Additionally, it indicates the quality system has been audited and 

the equipment meets internationally recognized standards for preventing 

potential overpressure conditions in boilers and pressure vessels.

Testing is also performed to evaluate a company’s ability to properly 

repair pressure relief valves. 

N B B I

What is NBBI ?



Some  ASME safety relief valves are also following some API 

recommended practices & standard for safety relief valve.

So it will follow a certain guide of orifice sizing, testing, 

installation etc. for the safety relief valve

Pressure relief valve API

recommended practices

What is API 

recommended practices 

for pressure relief valve ?



For example:

• Safety relief valve with “G” orifice:

Orifice area = 0.503 in²

Safety relief valve inlet x outlet size = 1.5” x 2.5” OR 1.5” x 3”

OR 2” X 3” 

API standard pressure relief valve

API standard nozzle 

orifice designation of 

pressure relief valve



API standard pressure relief valve

API set pressure 

designation of a 

pressure relief valve 

based on a certain 

orifice size 

For example:

Orifice “D”

Carbon steel material

For fluid at 450°F 

temperature & 3000 psi 

set pressure 
Valve size = 1-1/2” class 

1500 inlet x 2” class 300 

outlet (because at the 

table  set pressure 

can be up to 3,080 psi 

@ 450°F temperature)

The above table is related to the ANSI/ASME B16.34 

pressure-temperature rating table of valve

(shown in the next slide)



Valve pressure-temperature rating

From the carbon steel 

(WCB) pressure-

temperature rating 

table:

For class 1500  At

450°F temperature 
The allowable pressure 

= 3,080 psi



Typical safety valve design

Typical safety valve 

design



The valve inlet (or approach channel) design can be either a full-nozzle or a 

semi-nozzle type.

• A full-nozzle design has the entire ‘wetted’ inlet tract formed from one

piece. The approach channel is the only part of the safety valve that is

exposed to the process fluid during normal operation, other than the disc,

unless the valve is discharging. Full-nozzles are usually incorporated in

safety valves designed for process and high pressure applications,

especially when the fluid is corrosive.

• Conversely, the semi-nozzle design consists of a seating ring fitted into

the body, the top of which forms the seat of the valve. The advantage of

this arrangement is that the seat can easily be replaced, without replacing

the whole inlet. The disc is held against the nozzle seat (under normal

operating conditions) by the spring, which is housed in an open or closed

spring housing arrangement (or bonnet) mounted on top of the body. The

discs used in rapid opening (pop type) safety valves are surrounded by a

shroud, disc holder or huddling chamber which helps to produce the rapid

opening characteristic.

Full nozzle & Semi nozzle

What is full nozzle & 

semi nozzle pressure 

relief valve ?



The blowdown rings found on most ASME type safety valves are used to make fine 

adjustments to the overpressure and blowdown values of the valves (see Figure 

9.1.8). 

The lower blowdown (nozzle) ring is a common feature on many valves where the 

tighter overpressure and blowdown requirements require a more sophisticated 

designed solution. 

The upper blowdown ring is usually factory set and essentially takes out the 

manufacturing tolerances which affect the geometry of the huddling chamber.

The lower blowdown ring is also factory set to achieve the appropriate code 

performance requirements but under certain circumstances can be altered. When 

the lower blowdown ring is adjusted to its top position the huddling chamber volume 

is such that the valve will pop rapidly, minimising the overpressure value but 

correspondingly requiring a greater blowdown before the valve re-seats. When the 

lower blowdown ring is adjusted to its lower position there is minimal restriction in the 

huddling chamber and a greater overpressure will be required before the valve is 

fully open but the blowdown value will be reduced.

Blowdown ring

What is the purpose of 

the blowdown ring ?



Full lift, High lift & Low lift

What is full lift, High lift 

& Low lift a a pressure 

relief valve ?



Safety valve material

How many type of the 

pressure relief valve 

material are ?



Safety valve sealing material

How many type of the 

pressure relief valve 

sealing material are ?



Safety valve lever type

How many type of the 

pressure relief valve’s 

lever type are ?



Safety valve bonnet design

What is open and 

closed bonnet design of 

a pressure relief valve ?



Safety valve bellow &

diaphragm sealing

What is the purpose of 

bellow & diaphragm 

sealing of a pressure 

relief valve ?
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