PSV Sizing Notes

1. Standards: 
API STD 520 for sizing, selection and installation of pressure relieving devices
API STD 521 for pressure relieving and depressurizing system 
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2. Procedure
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3. Design pressure is the most severe condition of coincident internal or external pressure and temperature (minimum or maximum) that results in the greatest required component thickness and the highest component rating
4. In most of the cases, however, the pressure relieving device is set at the design pressure and not at the M.A.W.P. because the latter is only known late in the design, when the detailed mechanical design of the vessel is completed.
5. Pressure Relief Valve: is an automatic pressure-relieving device actuated by the static pressure upstream of the valve, and which opens in proportion to the increase in pressure over the opening pressure. It is used primarily for liquid service.
6. Pressure Safety Valve: is an automatic pressure-relieving device actuated by the static pressure upstream of the valve and characterized by rapid full opening or pop action. It is used for gas or vapor service. (In the petroleum industry it is used normally for steam or air.)
7. Contingency: An abnormal event which is the cause of an emergency condition
8. MAWP >= DP
9. Set Pressure: is the inlet pressure at which the pressure relief valve is adjusted to open under service conditions.
10. [image: ]Accumulation: The pressure increases over the maximum allowable working pressure of the vessel, expressed in pressure units or as a percentage of maximum allowable working pressure (MAWP) or design pressure. Maximum allowable accumulations are established by applicable codes for emergency operating and fire contingencies.
11. Overpressure: is the pressure increase over the set pressure of the primary relieving device during discharge. Overpressure is the same as accumulation only when the relieving device is set to open at the maximum allowable working pressure of the vessel.
12. Relieving Pressure: is equal to the valve set pressure (or rupture disk burst pressure) plus the overpressure.

[image: ]is the difference between the set pressure and the reseating pressure of a pressure relief valve, expressed as percent of set pressure?
13. Superimposed Back Pressure: is the pressure at the outlet of the pressure relief valve while the valve is in a closed position. This type of back pressure comes from other sources in the discharge system; it may be constant or variable; and it may govern whether a conventional or balanced bellows valve should be used in specific applications
14. Built-up Backpressure: The increase in pressure at the outlet of a pressure relief device that develops as a result of flow after the pressure relief device opens.
15. In general, restrictions, either a specially designed spool piece or a restriction orifice, should not be used as a means of limiting the capacity of a pressurization path.
16. Blow-down : for gas 5-7% and for 2-phase and liquid is 20%

17. In case of evaluating the effects of operator response for the study to decide the maximum relieving load, it should be considered that the response time between 10 and 30 minutes for operator to take appropriate action ,depending on the complexity of the plants, is required.
18. When the increased operating condition will not exceed 10 hours at any one time or 100 hours per year, it is permissible to increase the pressure rating at the temperature existing during the increased operating condition, by a maximum of 33 %
19. When the increased operating condition will not exceed 50 hours at any one time or 500 hours per year, it is permissible to increase the pressure rating at the temperature existing during the increased operating condition, by a maximum of 20 %
20. Causes of Overpressure:
Closed (Blocked) outlet  External fire  Inadvertent control valve opening  Check-valve malfunction  Utility failure  Power  Cooling water  Instrument air  Steam  Fuel gas (Fuel oil)  Thermal expansion  Tube rupture of heat exchanger  Abnormal process condition : For example, runaway reaction, and so on  Equipment failure : Fans, Compressor, Pump, Blower, and so on  Column Relief Scenarios (Reflux Failure, Power Failure, etc.)
21.  Closed outlet could be caused by:
Downstream control valve fails closed
Isolation valve inadvertently closed by operator
Chemical reactions create a flow blockage
Source pressure exceeds downstream equipment design pressure. Sources are: 
Pumps
Compressors
High pressure utilities
High pressure upstream fluids




22. External Fire
All pressure vessels shall be protected from overpressure due to vaporization or expansion of contained fluid caused by exposure to fire by use of a pressure relief valve
           In some cases of fire may heat the walls of pressure vessel to temperature                
           far beyond the specified metal design temperature, creating a real potential     
           for the vessel to fail at a pressure below the set pressure of the pressure relief  
           valve.
           To determine vapor generation, it is necessary to recognize only that
           portion of the vessel that is wetted by its internal liquid and is equal
           to or less than 7,6 m (25 ft) above the source of flame
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         Either the vapor thermal-expansion relief load or the boiling-liquid    
         relief load, but not both, should be used. It is a practice
[image: ]         that has been used for many years.
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Credit for thermal insulation is typically not taken because it usually does not meet the fire-protection insulation requirements.  Thermal insulation not equal to fire proof insulation.
The designer should be certain that any system of insulating materials permits the basic insulating material to function effectively at temperatures up to 900 °C during a fire for up to 2 hr.
The value of thermal conductivity used in calculating the environmental factor
credit for insulation should be the thermal conductivity of the insulation
at the mean temperature between 904°C and the process temperature
expected at relieving conditions. (Use of a conservative mean temperature
of 1000°F (540°C) is suggested.)
For insulated vessels, the environment factor is given by :
[image: ] [image: ]

+Horizontal drum
Up to 25 ft (7.6 m) above grade - Use total wetted vessel surface up to
high liquid level.
Greater than 25 ft (7.6 m) above grade - Use the wetted area of the
vessel surface to high liquid level or up to the vessel center line whichever is
less.
+ Vertical Drums
The wetted vessel surface within 25 ft (7.6 m) of grade, based on high liquid
level, is used. If the entire vessel is more than 25 ft (7.6 m) above grade,
then only the surface of the bottom head need be included. For vessels
supported on skirts that do not require fireproofing of their inside surface the
surface of the bottom head need not be included in the wetted area
regardless of elevation.
Vertical Vessels
A wetted = 1.089 D 2 + π D h
Use this equation when the liquid surface elevation SE < 7.6 m. If the
surface elevation of liquid level is above 7.6 m, replace h by h - (SE – 7.6)
Horizontal Vessels:
# Liquid level below centerline
S=D Cos – 1 ((r- h) / r)

#  Liquid level above centerline
S=D {π-Cos – 1 ((h- r) / r)}
A wetted=(2.178D2+ πDL)(S/ πD)
As with vertical vessels, these equations are directly useful when the liquid
surface elevation S E < 7.6 m. If the surface elevation of liquid level is above
7.6 m, replace h by h - ( S E – 7.6).

23. Trayed column
High liquid level in bottom plus liquid holdup from all trays. Level in reboiler is to be included if the reboiler is an integral part of the column. Total wetted surface up to the height of 7.6m. Vessel heads protected by support skirts with limited ventilation are not normally included as wetted surface area. Liquid hold-up on each tray shall be equal to the weir height plus 50mm.

24. Air-Coolers
It is not necessary to consider the bare area for air-cooled condensers, whether
partial or total condensing, as long as both of the following conditions are satisfied:
1. The tubes are sloped so that they are self-draining.
2. There is no control valve or pump connected directly to the condenser
liquid outlet.

25. Relief load calculation for single component:
Calculate Aw then calculate Q-fire then calculate landa then divide Q-fire to landa.
In order to calculate landa put Vf=0 and relieving pressure = 1.21pset + patm.
26. Relief load calculation for multi-component:
For multi-component systems, the latent heat of the residual liquid will change as the lighter components are vaporized and removed from the system. In general, such systems require a time-dependent analysis to determine the required relief area and the corresponding relief rate. The following approach is suggested.
 Using the composition of the residual liquid inventory in the vessel, perform a bubble point flash at the accumulated pressure. In doing this flash, the flow rate of the feed stream to the flash can be set at initial mass on the equipment. m=ρ.V 
m: initial liquid mass in the equipment 
V: liquid volume in the equipment up to HLL 
ρ: liquid mass density at normal operation. 
For each flash, sufficient heat is applied to vaporize a nominal 10 wt% of liquid, the remaining liquid passing to the next flash.
An estimate of the time for each flash should be made. 
time=required heat for each flash/calculated heat of fire.
A flash temperature of 400°C is obtained. The total vaporization time riches 2 hours
For each stage, a latent heat of vaporization should be calculated and data for the flashed vapor used to compute the value of a factor A’ which is indicative of the pressure relief valve orifice area required based on that stage of the vaporization of the original fluid.
A =1/Y sqr(ZT/M)
pressure relief valve orifice area parameter (not the orifice area)
 λ latent heat of vaporization (kJ/kg)
 z vapor compressibility 
T vapor temperature (K) 
M vapor molecular weigh
27. Two-phase relief-device sizing is not normally required for the fire case, except for unusually foamy materials or reactive chemicals.
28. If no accurate latent heat value is available for these hydrocarbons near the critical point, a minimum value of 115 kJ/kg (50 Btu/lb) is sometimes acceptable as an approximation.
29. PSV sizing for unwetted gas.
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Relieving Temperature Calculation
From Hysys software (more accurate) 
1. Define one stream in Hysys 2. In this stream Temperature= normal operating temperature /Pressure= normal operating pressure /Vessel Composition Set molar flow to arbitrary value (e.g. 100 kmol/h)
2. Read and copy actual volume flow from properties page
3.  Change operating pressure to relieving pressure
4.  Define Adjust, set stream temperature as adjusted variable
5. Set actual volume flow as target object and define calculated value from step 3 
6. Run Adjust to calculate relieving temperature.
The recommended maximum vessel wall temperature, Tw, for the usual carbon steel plate materials is 1100 °F (593°C) 
[image: ] If F ' ≥ 182 in SI units (F ' ≥ 0.01 in USC units):
The minimum relief load recommended for sizing where F ' < 182 in SI units

[image: ](F ' < 0.01 in USC units) is calculated by setting F ' = 182 in SI units (F ' =
0.01 in USC units).
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C13 is a constant [= 182 in SI units (0.01 in USC units)
To derive above equations, Z, Kb, and Kc in API 520-1:2014 have each
been assumed to have a value of 1.
Exposed Area:
1. Horizontal Drums
Up to 25 ft (7.6 m) above grade -> Use total exposed surface.
Greater than 25 ft (7.6 m) above grade -> Use the horizontal projected area of the
vessel
2. Vertical Vessels
The exposed surface within 25 ft (7.6 m) of grade is used. If the entire vessel
is more than 25 ft (7.6 m) above grade, then only the surface of the bottom
head need be included. 
Thermal (Hydraulic) Expansion
The basic equation for calculating the pressure increase due to thermal
expansion in a piping system is as follows:
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Typical pressure change versus temperature change for an 8 in. CS line without leakage are offered as follows:
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the most common of which are the following:
 a) Piping or vessels are blocked in while they are filled with cold
liquid and are subsequently heated by heat tracing, coils,
ambient heat gain or fire.
 b) an exchanger is blocked in on the cold side with flow in the hot
side.
 c) Piping or vessels are blocked in while they are filled with liquid
at near-ambient temperatures and are heated by direct solar
radiation.
Since every application is for a relieving liquid, the required relieving rate is
small; specifying an oversized device is, therefore, reasonable.
 A DN 20 x DN 25 (NPS ¾” x NPS 1”) relief valve is commonly used

Two general applications for which thermal relieving devices larger
than a 3/4-inch x 1-inch nominal pipe size (NPS 3/4” x NPS 1) valve
might be required are long pipelines of large diameter in un-insulated
aboveground installations and large vessels or exchangers operating
liquid full.
A pressure-relief device might not be required to protect piping from
thermal expansion if :
a) the piping always contains a pocket of non-condensing vapor.
b) the piping is in continuous use and drained after being blocked-in using
well supervised procedures or permits;
c) the fluid temperature is greater than the maximum temperature expected
from solar heating [usually approximately 60 °C to 70 °C]
d) the estimated pressure rise from thermal expansion is within the design
limits of the equipment or piping.
e) Short sections of piping less than 100 ft (30 m) in length but not
exceeding 250 gallons (900 lit) in volume which can be blocked in,
generally do not need thermal relief valves. 88
For liquid-full systems, expansion rates for the sizing of relief devices
that protect against thermal expansion of the trapped liquids can be
approximated using below, in SI units:
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If the duty of the heat exchanger is high enough to vaporize the liquid then use the equation bellow:

W= (T1-Tbp/T1-Tav)(Q/l)
L=latent heat of vap at relieving condition
Q=normal exchanger duty
T1=hot side inlet temperature
Tbp= cold side boiling temperature at relieving pressure
Tav= average of inlet and outlet temperature of cold side during normal operation.










Inadvertent Control Valve opening
The scenario to consider is that one inlet valve is in a fully opened position
regardless of the control-valve failure position. Opening of this control valve
can be caused by instrument failure or mis operation.
The required relieving rate is the difference between the maximum expected inlet flow and the normal outlet flow, adjusted for relieving conditions and considering unit turndown.   Or Subtract turn-down flow from calculated flow based on API-521 .
An important consideration is the effect of having a manual bypass on the inlet control valve(s) at least partially open.
If, during operation, the bypass valve is opened to provide additional flow, then this total flow (control valve wide open and bypass valve normal
position) shall be considered in the relieving scenario.
If the bypass is used only during maintenance to permit the control valve to be blocked in and removed from service, then the maximum flow of either the control valve or bypass valve needs to be considered. 
If dp between design pressure of inlet and outlet of the valve is more than 1.3 hydrostatic pressure of outlet then bypass should be considered in psv sizing.
Gas breakthrough across a control valve can result in slug-flow high liquid
Velocities.
Relieving load calculation procedure
1. calculate p1 = upstream design pressure and p2= downstream relieving pressure and by using fisher software calculate new cv and then use the equation in fisher handbook.
2. Calculi the flowrate and then subtract turn-down flow from calculated flow.
Notes:
Gas-blow by
Sazeh heat exchanger

Column Relief Scenarios
Power Failure
Loss of Reflux
Loss of Feed
Loss of Condenser
Abnormal Heat Input by Reboiler
Vapor Blocked Outlet

Loss of Reflux
In order to maintain product separation the duty of the reboiler would be driven towards amaximum(Qreb_max).
Maximum Rebolier Duty= Uc x A x LMTD
[image: ]
Loss of Feed
[image: ]

Act accordingly and put an adjuster to equalize the volumetric flow of vapor to that of vapor from condenser and then subtract normal vapor from condenser from that. To do than put an adjuster and then assume molar flow as variable and volumetric flow as target and do the rest.

Condenser Loss
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Copy like reflux scenario but:
Required Relief Load = Vapor – Normal Vapor from Condenser

Vapor Blocked Outlet


[image: ]
Relief Load @ conditions of stream @Prel equivalent to volumetric flow of
stream 'Vapor'

Heat Exchanger Tube Rupture  

Heat exchangers and similar vessels should be protected with a relieving device of sufficient capacity to avoid overpressure in case of an internal failure.

In practice, an internal failure can vary from a pinhole leak to a complete tube rupture. A simplifying assumption of two orifices may be used.

The tube rupture scenario can be mitigated by increasing the design pressure of the low-pressure exchanger side (including upstream and downstream systems), and/or assuring that an open flow path can pass thetube rupture flow without exceeding the stipulated pressure, and/or providing
pressure relief.

Example: 
HP 27 / LP 13
27 * 10/13 = 21.7 if the design pressure of low pressure side is increased to 21.7 barg then there is no need to have psv.

It may be necessary to locate the relieving device to be located either directly on the exchanger or immediately adjacent on the connected piping. This is especially important if the low-pressure side of the exchanger is liquid-full.

The following equations can be used to (preliminary) calculate the flow from the high to the low pressure side
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12
The liquid equation will be used in the following cases :

− The liquid flow stays liquid as it flows through the tube break :

P2 > PVL
PVL vapor pressure of the liquid (high pressure fluid)
− The liquid flashes as it flows through the tube break
P2 < PVL
Then

a) if the upstream pressure P1 is significantly above the liquid vapor pressure (P1 > PVL), use PVL instead of P2 and calculate WL based on P1 - PVL.
b) If the liquid is at boiling conditions on the high pressure side (or close to these conditions), the liquid flow WL can be calculated based on :
The pressure differential P1 - P2 with :
P1 = PVL

P2 : higher pressure of :
· critical flow downstream pressure (Pc). Experience has shown that PC should be calculated as PC = 0.55 P1, with Pc and P1 in absolute pressure units here,
· Relieving pressure P2.
−The mixed phase density (at relieving or critical flow conditions) instead of the liquid density


Review of the temperature condition
(*) The high-pressure side temperature is used to determine: T, ρL, PVL
A reasonable value is to consider the average operating temperature of this high pressure side. Nevertheless if the range of temperature is very large, flow through tube break should be calculated both at inlet and at outlet conditions.

Review of the calculated flowrate through tube break
− If the calculated discharge exceeds the normal total flow in the high pressure side, the latter flow should be used, except when sufficient volume on the HP side may supply the calculated flowrate above the normal flowrate.

Selection of PSV type
These devices include spring-loaded and pilot-operated Pressure Relief Valves (PRVs), rupture disk devices, and other pressure relief devices. 
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Conventional PRVs

1. A conventional PRV is a self-actuated spring-loaded PRV which is designed to open at a predetermined pressure and protect a vessel or system from excess pressure by removing or relieving fluid from that vessel or system.

2. Under normal system operating conditions, the pressure at the inlet is below the set pressure and the disc is seated on the nozzle preventing flow through the nozzle.


3.  The operation of a conventional spring-loaded PRV is based on a force balance.

4.  The spring load is preset to equal the force exerted on the closed disc by the inlet fluid when the system pressure is at the set pressure of the valve.

5.  In vapor or gas service, the valve may “simmer” before it will “pop.”








            Conventional PRVs – Vapor Service
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Conventional PRVs – Effects of Backpressure



        Balanced PRVs – Effects of Backpressure
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[image: ]                           Pilot-Operated PRVs
Conventional PRVs (Applications & Limitations)

· Conventional spring opposed pressure relief valves are used in virtually all relief services which discharge to atmosphere or to a constant pressure system.

· They should not be used in applications which have variable back pressures

· They should not be used in applications which built-up back pressures in excess of the valve’s tolerance.

· Wherever possible, they are preferred to Balanced type PSVs.














Balanced Bellows PRVs (Applications & Limitations)
· They can be of two main types: balanced piston and balanced bellows.
Balanced bellows shall be given preference where the fluid is corrosive or fouling.

· Application - Balanced bellows PR valves should be specified where any of the following apply:

· Excessive fluctuation in superimposed back pressures.

· The built up back pressure exceeds 10% of the set pressure, based on gauge pressure; or it exceeds 21% of set pressure in the case of fire.

· The service is fouling or corrosive, since the bellows shields the spring from process fluid.

· Balanced bellows PR valves may be used satisfactorily in vapor and liquid service with a total back pressure (superimposed plus built-up) as high as 50% of set pressure.





Pilot-Operated PRVs (Applications & Limitations)

· They can be of two main types: piston or diaphragm. Safety-wise, none of these is given preference but only types with non-flowing pilots shall be used.
· The pilots may be either a flowing or non-flowing type. The flowing type allows process fluid to continuously flow through the pilot when the main valve is open; the non-flowing type does not. The non-flowing pilot type is generally recommended for most services to reduce the possibility of hydrate formation (icing) or solids in the lading fluid affecting the pilot’s performance.

· Advantages - The advantages of pilot-operated PR valves are as follows:

· A pilot-operated valve is capable of operation at close to the set point and remains closed without simmer until the inlet pressure reaches above 98% of the set pressure.

· It may be less subjective to chattering. A modulating pilot valve may also be considered where chattering is a potential problem.

· Its opening pressure is unaffected by back pressure, and high built-up back pressure does not result in chattering. No decrease in capacity occurs as long as flow through the valve is critical.

· Back pressure up to 75% of set pressure may be used, The valve manufacturer should be consulted on any application where the total back pressure may exceed 75% of set pressure.

· Disadvantages - Pilot-operated PR valves are subject to the following disadvantages:

1. They are not recommended for dirty or fouling services, because of plugging of the pilot valve and small-bore pressure sensing lines.

2. They are normally limited to a maximum inlet temperature of 450°F (280°C) by the “O" ring piston seals.

3. In smaller sizes (below 6”), pilot operated PR valves are more costly than spring operated PR valves.
· 



Piston for pressure vessel and diaphgram for tanks./ note that because of safety non-flowing type should be used.
Notice to pilot exhaust whether it is discharged to atmosphere or safe location . it creates some problems for you notice that.









For pilot mop/sp is less than 0.98 and for spring-loaded it is less than 0.9.


Chattering
· Chattering is the rapidly alternating opening and closing of a PR valve.

· This vibration may result in misalignment and leakage when the valve returns to its normal closed position. If chattering continues for a sufficient period, chattering may result in mechanical failure of valve internals or associated piping fittings.

· The principal identified causes of PR valve chattering are oversized valve, excessive inlet pressure drop, excessive built-up back pressure incorrect blow-down ring setting, and liquid surge.
Oversized Valve:
· Typically, a flow through the valve in vapor service equal to at least 25% of its rated capacity is necessary to keep the disc in the open position.

· Liquid service valves are less likely to chatter at low relieving rates, and they will modulate down to about 10% of rated capacity before chatter becomes a problem.

· ++++ oversize causes chaterring and choose modulate pilot
Excessive Inlet Pressure Drop:
· Experience as well as manufacturers' recommendations dictate an inlet pressure drop of no more than 3% of set pressure at the PR valve rated capacity.


Excessive Built-up Back Pressure:
· Built-up back pressure resulting from discharge flow through the outlet system of a conventional PR valve results in a force on the valve disc tending to return it to the closed position. If this returning force is sufficiently large, it may cause the valve to close, only to reopen immediately when the effect of built-up back pressure is removed.

Blowdown Ring Settings:
· In some cases, incorrect blowdown ring settings have resulted in valve chattering.

Multiple Pressure Relief Valve

· In certain cases, it is necessary to install two or more PR valves in parallel for a single service.

· Large Release: The magnitudes of some large releases may be greater than the capacity of the largest single PR valve that is commercially available at the desired pressure rating, necessitating the use of two or more valves. For instance we do not have orifice area larger than 26inch.

· Preventing Chattering: Where different contingencies of equal probability require substantially different capacities, it is always best to use two or more PR valves with staggered settings. The lower capacity valve in this case would be at the lower staggered set pressure. For instance, there is one case of 100000 and 1000. We size for both.

· Preventing Chattering: When a fire contingency is the largest contingency and the next largest contingency is less than 25% of the fire relieving rate, multiple PR valves with staggered settings should always be used. However, when the fire contingency is the smallest load, it is generally ignored. Example that 100000 fire case and 1000 non-fire case we size for both but if 100000 non-fire and 1000 fire then we size just for non-fire because fire is a remote case.













Sizing Procedure
/PRVs may be initially sized using the equations presented API-520 as
appropriate for vapors, gases, liquids, or two phase fluids.
/The designer can use API 526 to select a PRV. API 526 is a purchase
specification for steel flanged valves
/These equations utilize effective coefficients of discharge and effective
areas which are independent of any specific valve design. In this way, the
designer can determine a preliminary PRV size.
/The rated coefficient of discharge for a PRV, as determined per the
applicable certification standards, is generally less than the effective
coefficient of discharge used in API 520.

/For this reason, the actual discharge or orifice area for most valve designs is
greater than the effective discharge area specified for that valve size per API
526.
Sizing Procedure – Gas or Vapor Relief
The sizing equations for pressure relief devices in vapor or gas service
assume the pressure-specific volume relationship along an isentropic path.
Critical Pressure:
[image: ]

/If the pressure downstream of the nozzle is less than, or equal to, the critical
flow pressure, then critical flow will occur.
/If downstream pressure exceeds the critical flow pressure, then subcritical
flow will occur.
Sizing Procedure – Gas or Vapor Relief – Critical flow
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Sizing Procedure – Gas or Vapor Relief – Sub Critical flow
When the ratio of backpressure to inlet pressure exceeds the critical
pressure ratio Pcf /P1, the flow through the pressure relief device is
subcritical. For Conventional and Pilot-operated PRVs below equation could
be used.
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Sizing Procedure – Liquid Relief : PRVs Requiring Capacity Certification
The ASME Code requires that capacity certification be obtained for PRVs
designed for liquid service. The procedure for obtaining capacity certification
includes testing to determine the rated coefficient of discharge for the liquid
PRVs at 10 % overpressure.
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After the Reynold’s Number, Re, is determined, the factor Kv is obtained from
above. Kv is then applied in PSV Area Calculation Equation to correct the
preliminary required discharge area. If the corrected area exceeds the chosen
standard orifice area, the above calculations should be repeated using the
next larger standard orifice size.









Rupture Disk
/Rupture disk devices are non-reclosing pressure relief devices .They are
used in single and multiple relief device installations.
/With no moving parts, rupture disks are simple, reliable, and faster acting
than other pressure relief devices.
/Advantages :
 No simmering or leakage prior to bursting.
 Rupture discs can open fully within 1 millisecond for vapor/gas systems,
thus making them more effective than PR valves when the overpressure
is caused by sudden pressurization (for example as a result of a tube
failure in a high pressure heat exchanger).
 Less expensive to provide corrosion resistance.
 Less tendency to foul or plug.
 Can provide both depressuring and overpressure protection.
 Lower initial cost than for an equivalent service PR valve.
/Disadvantages :
 Non-reclosing pressure relief device. Replacement of the burst rupture
disc is required to allow continued operation if it is the only protective
device.
 Require periodic replacement.
 Greater sensitivity to mechanical damage.
 Greater sensitivity to temperature.
/A stand-alone rupture disk is used when:
 You are looking for capital and maintenance savings
 You can afford to loose the system contents
 The system contents are relatively benign
 You need a pressure relief device that is fast acting
 A relief valve is not suitable due to the nature of the system contents
/When to use combination of RD and PSV?
 The system contains a toxic substance and you are concerned that the
relief valve may leak.
 The system contains solids that may plug the relief valve over time.
 If the system is a corrosive environment, the rupture disk is specified
with the more exotic and corrosion resistant material.
Rupture Disk (Sizing)

Resistance to Flow Method
 The Resistance to Flow Method analyzes the flow capacity of the relief
piping. The analysis takes into account frictional losses of the relief piping
and all piping components.
 Piping component losses may include nozzle entrances and exits, elbows,
tees, reducers, valves and the rupture dis
RD contribution to the overall frictional loss in the piping system is
accomplished by using “Kr”, which is analogous to the K value of other
piping components.
 Kr is determined experimentally in flow laboratories by the manufacturer for
their line of products.
 If at the time of sizing the manufacturer and model of the rupture disk are
unknown, API STD 520 recommends using a Kr of 1.5.
 ASME Section VIII, Division 1 states that a Kr of 2.4 shall be used.
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[image: ]Type of Rupture Disks
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This rupture disk typically has an angular seat design and provides a
satisfactory service life when operating pressures are up to 70 % of the
marked burst pressure of the disk (70 % operating ratio).
These disks have a random opening
pattern and are considered fragmenting
designs that are not suitable for
installation upstream of a PRV.
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Some designs provide satisfactory service life when operating pressures are
up to 85 % to 90 % of the marked burst pressure of the disk (85 % to 90 %
operating ratio).
Because the score lines control the opening
pattern, this type of disk can be
manufactured to be non-fragmenting and
is acceptable for installation upstream of a
PRV.
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Type of Rupture Disks :
Reverse-acting rupture disks may be manufactured as non-fragmenting and
are suitable for installation upstream of PRVs. These disks provide
satisfactory service life when operating pressures
are 90 % or less of marked burst pressure (90 %
operating ratio).
Because a reverse-acting rupture disk is operated
with pressure applied on the convex side, thicker
disk materials may be used, thereby lessening the
effects of corrosion, eliminating the need for
vacuum support, and providing longer service
life under pressure/vacuum cycling conditions
and pressure fluctuations.
211
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Example Determination of Relieving Pressure for Operating
Contingencies for a Single Relief Device Installation

Characteristic Value

Relief Device Set Pressure Equal to MAWP
Protected vessel MAWP, psig (kPag) 100.0 (689)
Maximum accumulated pressure, psig (kPag) 110.0 (758)
Relief device set pressure, psig (kPag) 100.0 (689)
Allowable overpressure, psi (kPa) 10.0 (69)
Barometric pressure, psia (kPa) 14.7 (101)
Relieving pressure, P, psia (kPa) 1247 (860)

Relief Device Set Pressure Less Than

Protected vessel MAWP, psig (kPag) 100.0 (689)
Maximum accumulated pressure, psig (kPag) 110.0 (758)
Relief device set pressure, psig (kPag) 90.0 (621)
Allowable overpressure, psi (kPa) 20.0(138)
Barometric pressure, psia (kPa) 147 (101)
Relieving pressure, Py, psia (kPa) 124.7 (860)

€ above examples assume a barometn
barometric pressure corresponding to site elevation should be used.





image5.jpeg
Class of vessel

Portion of liquid inventory

Remarks

Liquid-full, such as treaters

All up to the height of 7,6 m (25 ft).

Surge drums, knockout drums,

process vessels

Normal operating level up to the height of 7.6 m
(25ft).

Fractionating columns

Normal level in bottom plus liquid hold-up from all
trays dumped to the normal level in the column
bottom; total wetted surface up to the height of
76m(251).

Level in reboiler is to be included
if the reboiler is an integral part of
the column.

Working storage

Maximum inventory level up to the height of
7.6 m (25 ft) (portions of the wetted area in
contact with foundations or the ground are
normally excluded).

For storage tanks and process
tanks, see API Std 2000 or
PrEN 14015.

Spheres and spheroids

Up to the maximum horizontal diameter or up to
the height of 7,6 m (25 ft), whichever is greater.
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Table 6 — Environment factor

Type of equipment Environment factor
F
Bare vessel

Insulated vessel®, with insulation 22,71 (4)
conductance values for fire
exposure conditions in W/m2K 11.36(2)

(Btwhf2°F) 5,68 (1)

3,80 (0.67)
2.84(05)
2,27 (0.4)
1,87 (0.33)
Water-application facilities, on bare vessel ©

Depressurizing and emptying facilities ¢

Earth-covered storage

Below-grade storage

NOTE Local instantaneous pool fire heat fluxes as high as 190 kW/m? (60 000 BtwhZh)
have been reported. When designing pressure-relief systems, consideration is generally given
to the use of time-weighted average fire heat fluxes rather than instantaneous peaks as some
time is required for the contents to reach relieving conditions.
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SERVICE AP | AT, psil°F AP | AT, kPa/°C
Propane 60 745
Butane 64 794
Gasoline 98 1216
Diesel 91 1129
Water 53 657
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g s the volume flow rate at the flowing temperature, expressed in cubic metres per second;

a, s the cubic expansion coefficient for the liquid at the expected temperature, expressed in 1/°C;

v
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¢ is the total heat transfer rate, expressed in watts;

NOTE For heat exchangers, this can be taken as the maximum exchanger duty during operation.
d is the relative density referred to water (¢ = 1,00 at 15,6 °C), dimensionless;

NOTE Compressibility of the liquid is usually ignored

¢ s the specific heat capacity of the trapped fluid, expressed in J/kg-K.
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M

K : 2.93 (Metric), 385 (USC) " Pors Wo=Kad'Pr g™
K, : 1.77 (Metric), 2645 (USC)
Liquids W, =K, & pr(Pl -P)
Wa : gas flow through tube break, kg/hr or Ib/hr
W, : liquid flow through tube break, kg/hr or [b/hr
d : tube inside diameter, mm or inch
Pi(*) : HP side normal pressure, bara or psia

(alternatively the HP side design pressure may be
considered for Py, as required by some clients).

Py(*) : relieving pressure of the low pressure side, usually 1.1 x
gauge set pressure, bara or psia

M : molecular weight

z : compressibility factor

T(*) : vapor temperature, °K or °R

p(® : liquid density, kg/m3 or 1b/f3




image28.jpeg
Stem (spnse)

Adustng screw

Bomet

Speng

Vet plugges)

Sesting suace b

Adpstngrog

Boay

- tigs

Figure 2—Conventional Pressure Reief Valve with a Single Adjusting Ring for Blowdown Control
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Figure 10—Pop-action Pilot-operated Valve (Flowing-type)
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Table 9.1 Maximum backpressure percentages on gas/vapour applications

Backpressure
Type

Constant

Variable
superimposed

Variable built-up

Effects on valves

Value (% of Conventional Balanced Spring

set) Valve
<30% 1 Set point increased by  No effect
backpressure 3
30%-50% Lift/capacity
reduced
{cosfficient) &
=>50% 2 Set point increased Generally unstable
by backpressure; flow Do not use
becomes subsonic
<10% Set point varies with ~ No effect
backpressure ©
10%-30% ' Unstable
30%—50% Do not use Lift/capacity
reduced
(coefficient) &
>50% 2 Generally unstable
Do not use
=<10% Mo seffect Mo effect
10%-30% '  Unstable
30%—-50% Do not use Lift/capacity
reduced
{manufaciurer
coefficient) &
=50% 2 Generally unstable

Do not Lse

Pilot Operated

No effect

Flow becomes
subsonic *

Mo effect

Flow becomes
subsonic 4

Mo effect

Flow becomes
subsonic 2

Selection

Conventional,
balanced or
POSRV

Conventional or
POSRV

Balanced or
POSRV

POSRV only

Conventional,
balanced or
POSRV

Balanced or
POSRV

POSRV only
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Table 9.1 Maximum backpressure percentages on gas/vapour applications
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Set Pressure and Accumulation Limits for Pressure Relief Devices

Single Device Installations Multiple Device Installations

Maximum Maximum
Maximum Set | Accumulated | Maximum Set | Accumulated
Pressure Pressure Pressure Pressure
% % % %

Non-fire Case

Contingency

First relief device 110
Additional device(s) —
Fire Case

First relief device 121

Additional device(s) —
Supplemental device —

NOTE  All values are percentages of the maximum allowable working pressure.





