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 General Strategy :

1. Review, define, and document all pressure relief systems and relief 
scenarios.

2. Estimate flow rates and quantities of hazardous materials that could be 
discharged from the pressure relief devices.

3. Evaluate the hazardous natures of released materials, and determine the 
maximum quantities that can be released directly to the atmosphere, or 
acceptable ground-level concentrations, considering the potential for fire or 
explosion, and effects on humans and the environment.

4. Select a treatment process or equipment to restrict the quantities, or 
ground-level concentrations, released to the atmosphere to meet the limits 
set in Step 3.

5. Design the equipment and ancillary facilities to meet the requirements of 
Step 3.
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Selection of Atmospheric or Closed Discharge for Pressure 
Relief Valves

 Discharge to a Grade or sewer system :

 This method routes the release stream directly to the ground or 
to a sewer system. The released material is recovered in a sewer 
treating system or must be cleaned up after a release. This 
method can generally be used for liquids which are non-
hazardous and are not released in large quantities.

 Discharge to a Process Vessel :

 This method returns a released fluid back into a process system 
operating at lower pressure than the system from which it was 
released. This method is attractive for streams that are 
unsuitable for grade or atmospheric release and usually does not 
require construction of collection or treating systems.

Selection of Disposal System
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Selection of Atmospheric or Closed Discharge for Pressure 
Relief Valves

 Discharge to a Closed Collection system :

 This method discharges released fluids to a closed collection 
system. This system may treat or cool the release stream and 
either recover some or all of the material or route it to a remote 
location where it can be safely disposed of. This type of system 
can be a liquid blowdown system, an incinerator system, a flare 

system, a burn pit, or a vapor recovery system.

Selection of Disposal System
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Discharge to Atmosphere

 Release Criteria :

 The release must be a vapor and be from a vapor space of a 
vessel that affords sufficient disengaging area that release of 
liquid or liquid entrainment by the vapor release is not a concern.

 The release must be from a pressure device which will open only 
under emergency conditions. The release must not be a toxic 
substance. This is intended to mean a substance which is 
immediately toxic such as hydrogen sulfide or similar materials.

 The released vapor should not condense or form a mist or 
droplets that may settle back to grade.

Selection of Disposal System
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Discharge to Atmosphere

 Liquid Release :

 Liquids should never be released to atmosphere, but in some 
cases liquid releases from pressure relief devices may be 
directed to a safe containment area at ground level.

 Cool or warm water streams (less than 60 °C) may be directed to 
grade irrespective of quantity. Hot water or streams that may 
flash should be routed to a suitable flash drum.

 A liquid stream may be considered hazardous because of its 
potential to flash or vaporize and thereby create a fire or 
explosion hazard, or because it is toxic, corrosive or otherwise 
unacceptable to allow it to be released to grade. Such liquids 
should be routed to a containment system

Selection of Disposal System
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Discharge to Atmosphere

Two-Phase Release :

 Releases that may be combined vapor/liquid releases should be 
treated as liquid releases and routed to the appropriate disposal 
location.

 Generally, two phase releases are not safe to route directly to 
atmosphere and should be routed to a closed system. If both the 
vapor and liquid phases are nonhazardous and the quantity of 
potential release is acceptable, grade disposal may be considered.

Selection of Disposal System
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Discharge to Atmosphere

Prevention of Liquid Release :

 Occasionally, conditions are encountered where a liquid or liquid-bearing 
release will occur only in very unlikely situations.

 The potential hazard if the release does occur must be assessed. If an 
immediately hazardous condition (such as release of volatile liquids to 
grade) would be created, alternate disposal methods should be 
considered.

 If the release occurs, the cause of the release must be readily 
correctable. If the cause of the release cannot be rapidly and simply 
eliminated, alternate disposal methods should be considered.

 Additional controls and interlocks to minimize the chances of a liquid 
release occurring should be added. These may take the form of a high 
level cut-off or bypass or back-up control paths to either restrict fluid 
entering the system or to significantly increase the flow of fluid leaving 
the system.

Selection of Disposal System
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Discharge to Atmosphere

Prevention of Liquid Release :

 An example of this type of application is a feed surge or flash drum which 
may have a non-volatile liquid release if the drum were to fill up with liquid. If 
all other potential releases are vapors suitable for release to atmosphere, 
assuming the risk of a liquid release may be acceptable if the criteria in 
previous slide are met.

Discharge to Process

 Routing of a pressure relief stream back into a process rather than to the 
environment or to a disposal system may be the most economical and safest 
alternative for many streams.

 Considerations :
 Capacity

 Destination Pressure

 Process Upsets

 In-Service Requirements

Selection of Disposal System
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Closed Disposal System

 These collection systems may have sources from normal design releases 
from processes (such as those from a process into a fuel gas system), 
emergency controlled releases from pressure control and depressuring
systems or emergency releases from pressure relief devices.

 The major disadvantage of closed systems is their cost, the need to provide 
enough capacity for all potential release cases and the maintenance and 
operating attention they require.

 Discharge to a Closed System is Required for PR valves in the following 
categories:

1. PR valves handling materials which are liquid or partially liquid at the valve inlet. 
An exception to this is made for certain thermal expansion relief.

2. PR valves normally in vapor service, but which under any design contingency may 
discharge flammable, corrosive or hazardous liquids.

Selection of Disposal System
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Discharge to a Closed System

3. PR valves located in the vapor space of partially liquid-filled vessels when liquid 
overfill as a cause of overpressure is a design contingency.

4. PR valves handling, flammable, toxic or corrosive vapors which condense at 
ambient conditions, e.g., phenol or flammable vapors with an average molecular 
weight greater than 100 (since they may condense).

5. PR valves in toxic vapor services where discharge to the atmosphere would result 
in the calculated concentration at any working area (either at grade or an elevated 
platform) exceeding the Short Term Exposure Limit (STEL). 

6. Release of flammable vapors which would result after dilution with air in a fuel-air 
mixture with a concentration above 50% of Lower Flammability Limit (LFL) at 
grade or any frequently accessed platform or equipment.

7. Releases of flammable vapors which, if discharged to the atmosphere, would in 
the event of inadvertent ignition, result in radiant heat densities in excess of the 
permissible exposure level (6000 Btu/h ft2 or 19 kW/m2) for personnel at grade or 
a frequently manned platform. Note that increasing the height of the riser to 
reduce radiant heat densities is an acceptable alternative to discharge to a closed 
system.

Selection of Disposal System
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Selection of Disposal System

Type of Closed Release Systems

 1. Conventional Flare System - The majority of pressure relief devices 
discharges must be routed to the flare through a closed system consisting of 
laterals, headers, and a blowdown drum.

 2. Condensable Blowdown Drum with Atmospheric Vent - Releases which can 
be totally condensed may be routed through a closed release system consisting 
of laterals, headers and a condensable blowdown drum, which may be vented to 
the atmosphere provided that the criteria defined in atmospheric release are met.

 3. Closed Systems for Special Services - Special closed systems are also 
provided for PR device releases in certain services where operating problems or 
hazards would result from discharge into the regular flare header. Such services 
include severely toxic, corrosive, polluting, or high-cost materials; and the 
following are examples of the special facilities required.

 4. Segregated H2S Flaring System - Continuous releases (greater than 30 
minutes) of hydrogen sulfide are normally routed to a segregated H2S flare 
system to remove a potential source of plugging from the regular flare system.
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Design Temperatures of Closed Release System

 The design temperatures of a header or lateral in the closed release system are set 
by the extremes of the emergency operating temperatures which can result from any 
of the streams tied into it.

 The design maximum temperature to be used for analyzing stress in the relief
system piping is the highest temperature achieved downstream of the relief valves.

 Generally, fire relief cases establish this design temperature for laterals from the relief 
valve to the subheader. Fire relief case temperatures are normally not considered in
establishing pipe wall thickness.

 The design temperature selected above may be reduced in the downstream piping
by calculating heat loss to be ambient air. This may be performed in several zones
to reduce the need for large expansion joints associated with elevated temperatures.
This credit is to be applied to pipe stress only and not to hydraulic calculations.

 If materials are handled at temperatures below 60°F (15°C) or if they can auto-
refrigerate to below 60°F (15°C), a minimum design temperature must also be 
specified.

 Where laterals of different piping materials are combined, the material of the lower-
temperature header is continued for the rest of the combined line, and is also 
extended back into the other lines for 20 ft (6 m).

Selection of Disposal System
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Design Pressure of Closed Release System

 The minimum recommended design pressure for piping is 50 psig (3.5 barg) to 
correspond to the K.O. drum design pressure.

 This minimum is to be raised, if necessary, to provide a margin of 10% over the 
maximum pressure calculated for the design relieving case.

 Due to the significant pressure drop associated with relief valve discharge laterals, a 
design pressure for the main relief header lower than the lateral is acceptable where 
significant cost savings are anticipated.

 Flare header systems are generally proven by weld x-rays and/or by air/nitrogen 
testing. Hydrotesting is rarely used and is not recommended for large header 
systems.

Selection of Disposal System
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Selection of Disposal System
Design Criteria for Atmospheric Releases

 The release point must be located such that nearby personnel and equipment are not 
endangered. This generally means that the release must be at least 3 meters above 
any platform or ladder within a 8 meter radius of the release point. Pressure-relief-
valve stacks that discharge to the atmosphere at least 15 m (50 ft) horizontally from 
any structures or equipment running to a higher elevation than the discharge point 
should be considered.

 The release outlet piping must be sized for adequate dispersion. API RP 521 provides 
some guidelines which are based upon the exit Reynolds’ number : 

This evaluation should be performed at the minimum stable relief device flow. For 
spring opposed pressure relief valves, this is 25% of capacity.
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Design of Flare System

 Design of flare systems consists of the following major activities :

1-Identification and quantification of the simultaneous flow rates which may 
enter the system.

2-Sizing of flare headers and design of required supports.

3-Sizing of liquid knock-out drums and pump-out capacity.

4-Sizing and selection of the flare.

Flare Network



Design Criteria for Relief Headers

1. Common header systems and manifolds in multiple device installations are 
generally sized based on the worst-case cumulative required capacities of 
all devices that may reasonably be expected to discharge simultaneously in 
a single overpressure event.
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Design Criteria for Relief Headers

2. The maximum superimposed back pressure for non-discharging PR valves 
during a maximum system release (from either single or multiple valve 
releases under a design contingency) shall not exceed backpressure limits 
for any PRV in the system.

3. Where the ratios of pressure relief valve set pressures in a system are in the 
order of 5 to 1 or higher, the feasibility and economy of separate high and 
low pressure collection headers should be investigated.

4. There is no definite velocity limitations which should be used for sizing flare 
main and sub headers. A general value of 0.5 Mach is usually selected as 
sizing basis.
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Flare Network

Design Criteria for Flare Headers

5. The basic criteria for sizing the relief header is that the back pressure, which 
may exist or be developed at any point in the system, does not reduce the 
relieving capacity of any of the pressure-relieving devices below the amount 
required to protect the corresponding vessels from overpressure.

6. The Following criteria for Mach no. should be followed:

Intermittent Gas flow : 

lines downstream relieving devices, sub-headers and headers: 0.5-0.7 Mach
Velocity of 0.8 Mach could be accepted for a long straight line without          
elbows and connections ( e.g. stack, line on bridge ).

Continuous flow :

Velocity < 0.35 Mach

Two-Phase Flow ( 2 phase flow at the inlet of relieving device)

Velocity < 0.25 Mach
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Flare Network

Design Criteria for Flare Headers

7. The Following criteria for Rho-V2 should be followed:

Intermittent Gas flow : Rho.V2 <150000 Kg/m/s2

Continuous Gas Flow : Rho.V2<50000 Kg/m/s2 , 

Two-Phase Flow : Rho.V2<50000 Kg/m/s2 , Velocity < 0.25 Mach

8. The noise from safety/relief valves and high-rate depressuring valves (and 
their piping) which blow under emergency conditions only, shall not 
exceed the absolute limit in any work area. (IPS-G-SF-900)
The sound pressure level anywhere in the work area shall not exceed 115 
dB(A) in any situation (absolute limit ), including emergencies such as 
blowing of safety/relief valves.
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Flare Network

Design Criteria for Flare Headers

8. The following guidelines apply to relief valves which discharge to a collection 
header system:

 Top entry into the header is preferred over side or angle entry. Entering 
at a 45° angle in the direction of main flow is common for the relief valve 
discharge pipes, however, it is not mandatory.

 Pressure relief valves are normally located at a higher elevation than the 
header to provide drainage. 

 Discharge piping from relief devices which are located below the header 
is to be arranged to rise continuously to the header entry point. A drain 
discharging to a safe location is required at the piping low point.

 Relief system headers that may be in contact with liquid are to be sloped 
to knockout drums. The minimum slope is 8.3 in/330 ft (21 cm/100 m) of 
piping length taking into account piping deflections between supports. 
Traps or other devices with operating mechanisms cannot be used for 
liquid knockout service.
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Flare Network

Design Criteria for Flare Headers

 If the outlet configuration results in a calculated back pressure in excess of 
allowable values,  then the following options can be considered as a next 
step. The order of consideration will depend upon the nature of the job. 
Design of new piping will be approached differently from a review of existing 
piping.

1. Increase outlet line size.

2. Change valve selection for lower orifice/outlet area ratio valve(s) which 
still meet relief load requirements.

3. Work with Piping to reduce outlet line length and/or number of fittings.

4. Work with the Instrument Engineer to determine if back pressure can be 
increased for balanced bellows or pilot operated PSVs.

5. Change valve selection to a type more tolerant of back pressure.

6. Obtain client and vendor agreement to exceed allowable back pressure 
(conventional valves). 
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Flare Network

Design of Flare Headers – Calculation Details

 Several methods can be used to calculate the size of discharge piping when 
the flow conditions are known. These range from treating the flow as 
isothermal, with appropriate allowances for kinetic energy effects, to the 
more rigorous solutions afforded by the adiabatic approach.

 The isothermal equations are generally used for flare system evaluation, 
since this approach gives the most conservative results. Actual flow 
conditions in relief systems are normally somewhere between isothermal 
and adiabatic conditions.

 The adiabatic flow equations can be preferable for some less-common 
applications (e.g. cryogenic conditions).

 For two phase flow conditions, typically a two-phase pressure-drop method, 
such as Beggs and Brill or the homogeneous equilibrium method (HEM) 
may be used.
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Flare Network

Design of Flare Headers – Calculation Details

 The sizing of relief-discharge piping can usually be simplified by starting at 
the system outlet, where the pressure is known, and working back through 
the system to verify, acceptable back pressure at each pressure relief 
device. 

 Calculations are performed in a stepwise manner for each pipe segment of 
constant diameter.

ISOTHERMAL (Pressure Drop):
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Flare Network

Design of Flare Headers – Calculation Details

ISOTHERMAL (Mach. No):
In SI units:

In USC units:
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Flare Network

Design of Flare Headers – Calculation Details
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Flare Network

Design of Flare Headers – Calculation Details
 Procedure :

1-Gather flare system data such as UFDs, P&IDs, plot plans, isometric 
drawings, and a PSV summary list.

2- Prepare a flare system sketch.

3- Use the flare system data to develop the required input data to the 
program.

4- Build and debug the model (Using spreadsheet or commercial softwares
like FLARENET or VISUALFLOW).

5- Review and document model results. Indicate flow and backpressure at 
each PSV and other critical locations.

6- Identify any system deficiencies. Verify that the backpressure at the outlet 
of each relieving PSV is acceptable. Also check velocity, Rho-V2 and Noise.
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Introduction to FlareNet

 FLARENET has been designed to facilitate the design and rating of flare and 
vent system piping throughout the entire design process. 

 The program interface uses a flow diagram for direct visualisation of the 
piping network supported by detailed tables of all pertinent data and 
calculated results.

 FLARENET allows the ability to design a grass roots flare system, rate an 
existing design or to debottleneck existing systems with a view to plant 
expansion.

Flare Network
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Schematic of a Typical Flare System

Flare Network
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FLARENET Schematic Example

Flare Network
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Flare Network
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Design of Flare Drums and Seals

 Four types of vessels or drums are typically used in the design of flare systems for 
specific reasons:

 Knockout drum (Liquid/Gas Separator)

 Blowdown drum (Liquid holdup)

 Seal drum (To prevent the air ingression into the flare system to avoid explosion)

 Quench drum (Condenser/Cooler)

Knockout drum :
 Flare systems generally require a flare knockout drum to separate liquid from gas in 

the flare system and to hold the maximum amount of liquid that can be relieved during 
an emergency situation.

 Knockout drums are typically located on the main flare line upstream of the flare stack 
or any liquid seal. 

 If there are particular pieces of equipment or process units within a plant that release 
large amounts of liquid to the flare header, it is desirable to have knockout drums 
inside the battery limits to collect these liquids (on-plot).
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Design of Flare Drums and Seals

Knockout drum :
 The location of the flare knockout drum should consider the following:

a) condensation of vapor or agglomeration of liquid droplets if there is a long 
line between the flare knockout drum and the flare stack resulting in increased 
liquid droplet size,
b) personnel access for maintenance on the knockout drum during normal and 
emergency flaring,
c) thermal radiation effects on flare knockout drum instrumentation and 
necessity for thermal shielding.

 The economics of drum design can influence the choice between a horizontal and a 
vertical drum. If a large liquid storage capacity is desired and the vapor flow is high, a 
horizontal drum is often more economical. Also, the pressure drop across horizontal 
drums is generally the lowest of all the designs.

 Vertical knockout drums are typically used if the liquid load is low or limited plot space 
is available. They are well suited for incorporating into the base of the flare stack
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Knockout Drum :

 A split-entry or -exit configuration can be used to reduce the drum diameter (but 
increase the length) for large flow rates and should be considered if the vessel 
diameter exceeds 3,66 m (12 ft).

 Careful consideration should be given to the hydraulics of split-entry configurations to 
ensure the flow is indeed split in the desired proportion. 

 Inlet nozzles should include means such as baffles or long sweep elbows to prevent 
re-entrainment of liquid. Long sweep elbows are typically used up to DN 300 (NPS 12) 
inlet diameter. Baffles are typically used for larger inlet diameters.

 There is no restriction on inlet or outlet velocity, except that the back pressure 
developed in the relief system discharge should not adversely affect the capacity or 
operation of the pressure relief device. Lower velocity tends to reduce the break-up of 
liquid into smaller droplets.

 For segregated cold and warm flare headers, separate dry and wet flare knockout 
drums are provided due to different piping material’s requirement.

Design of Flare Drums and Seals
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Knockout Drum :

 The function of the knockout drum is to provide residence time for liquid discharges 
and to limit the size of droplets directed to the liquid seal drum (if present) or the flare 
burner. 

 Large liquid droplets and liquid loading can cause smoke, liquid droplets (burning or 
not burning) to be released from the flare, or mechanical damage.

 The phenomenon generally referred to as “burning rain” occurs when a liquid 
hydrocarbon droplet does not burn completely within the flare flame envelope and the 
rate of burning is lower than the rate of settling of the liquid droplet.

 Liquid can accumulate along the pipe walls and low points in flare piping due in part to 
condensation as well as where flare gas velocities are too low to overcome drag 
forces of any liquid mist or droplets in the system. 

 Liquid droplets 300 μm and larger may drop out of the gas stream at less than 2 m/s. 
If liquids are not drained from the system, flare flows with gas velocities exceeding 
about 3 m/s or 4 m/s can entrain liquid droplets up to 1000 μm in size. 

 Liquid droplets exceeding 1000 μm can readily lead to burning rain regardless of flare 
type. Burning rain can occur at smaller droplet sizes for some flare types.

Design of Flare Drums and Seals
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Knockout Drum :

 Flare burners with smoke suppression technology or those operating at high 
discharge velocity (i.e. ≥ 0.5 Mach) promote complete combustion of liquid droplets. 

 Flare burners that operate at lower discharge velocity, handle high relative molecular 
mass liquid components, and/or contain high viscosity liquid droplets will be far less 
effective at burning liquid droplets. 

 The following is general guidance on droplet size and liquid loadings for several types 
of flare burners.

a) Unassisted Flare Burners—Large liquid droplets cannot be handled smokelessly
without smoke-suppression equipment. Burning rain is generally considered possible 
in an unassisted pipe flare for liquid droplets with a diameter of 600 μm or larger.

b) Steam-assisted and Air-assisted Flare Burners—Flare gases containing less than 1 % 
by mass of liquids up to a liquid droplet size of 600 μm can be handled smokelessly
and without burning rain. Some air assisted burners with small ports and operated at 
significant pressures can handle larger amounts, and with larger droplet size, without 
smoke.

c) High-pressure (i.e. Sonic Type) Flare Burners—If operated at gauge pressures of at 
least 200 kPa (30 psi), these flare burners can handle flare gases containing 1 % by 
mass of liquids up to a liquid droplet size of 1000 μm, without smoke.

Design of Flare Drums and Seals
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Knockout Drum :
 Knockout drum design parameters & procedure:

 The flare vendor should be consulted to specify the maximum allowable liquid droplet 
size and loading specific to their equipment and flaring conditions.

 Sizing a knockout drum is generally a trial-and-error process. The first step is to 
determine the drum size required for liquid entrainment separation. Liquid particles 
separate :

(a) when the residence time of the vapor or gas is equal to or greater than the time 
required to travel the available vertical height at the dropout velocity of the liquid      
articles and 

(b) when the gas velocity is sufficiently low to permit the liquid dropout to fall. This 
vertical height is usually taken as the distance from the maximum liquid level. 

Design of Flare Drums and Seals



3939

Knockout Drum

 The dropout velocity expressed in meters per second (feet per second) of a particle in 
a stream is calculated from :

Design of Flare Drums and Seals
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Design of Flare Drums and Seals
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Knockout Drum

 The second step in sizing a knockout drum is to consider the effect any liquid 
contained in the drum can have on reducing the volume available for vapor liquid 
disengagement. This liquid may result from 

a) condensate that separates during a vapor release, or 
b) Liquid streams that accompany a vapor release.       

 The volume occupied by the liquid should be based on a release that lasts 20 min to 
30 min. Longer hold-up times can be required if it takes longer to stop the flow.

 It is important to realize as part of the sizing considerations that the maximum vapor 
release case might not necessarily coincide with the maximum liquid. Therefore, the 
knockout drum size should be determined through consideration of both the maximum 
vapor release case as well as the release case with the maximum amount of liquid. 

 If no valid liquid case exists and the vapor is either condensable or has a condensable 
component, then the design liquid case should be a minimum of 2 wt % of the 
maximum gas rate to the flare knockout drum.

Design of Flare Drums and Seals
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Knockout Drum Sizing

 The sizing case for an on-plot knock-out drum will generally (but not always) be the 
provision of liquid hold-up.

 The sizing case for a flare knock-out drum may be:

a) the provision of liquid hold-up (if there is no on—plot knock-out drum)
b) the provision of vapor/liquid separation capacity (if there is no significant vapor 
condensation).
c) the provision of both liquid hold-up and vapor/liquid separation capacity if the 
governing case comprises a two-phase flow (two-phase relief or the result of vapor 
condensation)

 The maximum design liquid level shall be 50 percent. The maximum design liquid 
level will typically be tower unless the flare gas contains significant condensable 
components.

 Where a flare knock-out drum is provided downstream and there is a strong incentive 
to minimize the drum diameter, the maximum liquid level for an on-plot knock-out 
drum may be relaxed to 80 percent, consistent with the provision of any necessary 
vapor/liquid separation capacity.

Design of Flare Drums and Seals
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Knockout Drum Sizing

 It shall be possible to pump out the maximum anticipated liquid inventory to the 
specified low level within two hours.

 For the purpose of sizing the pump:
- the minimum liquid level (LAL) shall normally be assumed to be 300 mm 
(12 inches);
- the maximum anticipated liquid level shall be assumed to be a minimum of 50 
percent of the drum diameter.

 Where a flare KO drum  is provided downstream and there is a strong incentive to 
minimize the drum diameter, the maximum liquid level for an on-plot KO drum may be 
relaxed to 80%, consistent with the provision of any necessary vapor / liquid 
separation capacity.

 An independent high level alarm shall be provided as an ultimate warning of the drum 
overfilling and the possible need to consider a process unit shutdown.

 The alarm setting shall typically be between 80 and 90 percent of drum diameter, 
consistent with providing a free path allowing unrestricted flare gas flow through the 
drum.

Design of Flare Drums and Seals



4444

Knockout Drum Sizing

 IA Client may require pump operation to be manual. However, unless otherwise 
instructed, automatic pump operation on the following basis should be used.

1. LAH — service pump cuts in
LAH should be set to give a pump-out time of around 30 minutes to LAL (time 
period is not critical).

2. LAHH — stand-by pump cuts in 
This should be ~5 minutes after LAH at pump-out capacity.

3. LAL — pump trips
LAL should be a minimum distance above the heating coil (if provided) to 
ensure that the coil is always totally immersed.

4. LALL — pump has not tripped and manual shutdown is required to prevent 
damage on loss of suction

5. LAHHH — independent high level alarm warning that drum is about to overfill 
LAHHH should be set at 80-90 percent level.

6. TAH — locks out pump

7. TAL — indicates that steam coil should be commissioned.

Design of Flare Drums and Seals



4545

Knockout Drum Sizing

Design of Flare Drums and Seals
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Knockout Drum

 Procedure of sizing Flare KO Drum :

- Assume Drum diameter and length of drum, L=2.5D or L=3D

- AL = QL x t / (L.N) t: Liquid Holdup Time

- AT =  π D2/4

-Calculate AL/AT and obtain hL/D from tables or below equation:

AL/AT=(θ - sin θ)/(2 π) and θ =2 arccos(1-2 hL/D), θ in radians

- hV = D – hL

- φ = hV / Uc

- AV = AT – AL

- UV = QV / (AV.N) N: number of inlet or outlet nozzles

- LReq = UV.φ.N

 If LReq is greater than L, increase the drum diameter and repeat the 
LReq calculations again until LReq is less than L.  

Design of Flare Drums and Seals
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Knockout Drum

 Example for sizing Flare KO Drum :

Design of Flare Drums and Seals
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Knockout Drum

 Calculation of Drum Weight (1-Thickness):

Design of Flare Drums and Seals
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Knockout Drum

 Calculation of Drum Weight (2-weight):

The shell weight can be estimated from (SI) :

The weight of one 2:1 ellipsoidal head is approximately (SI):

The weight of nozzles and internals can be estimated at 5–10% of the sum 
of the shell and head weights.

The weight of pedestals for a horizontal vessel can be estimated as 10% of 
the total weight of the vessel.

Design of Flare Drums and Seals
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Seal Drum

 The purpose of a liquid seal in a flare system includes the following:

a) To prevent any flashback originating from the flare tip from propagating back through 
the flare system.

b) To maintain a positive system pressure to ensure no air leakage into the flare system 
and permit use of a flare gas recovery system.

c) To prevent an ingress of air into the flare system during sudden temperature changes 
or condensation of flare gas, such as can occur following a major release of flare gas 
or following a steaming operation.

 Liquid seals are located between the main knockout drum and the flare stack and are 
quite often incorporated into the base of the stack.

 They are sized for the maximum vapor-release case. When equipment, piping 
elevations, and other factors permit, liquid seal volume and seal leg height should be 
sufficient to prevent the seal from being broken as a result of the vacuum formed in 
the flare header following a major release of flare gas or steaming operation.

Design of Flare Drums and Seals
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Seal Drum

 For facilities that have cryogenic products in the flare header, consideration should be 
given to the effect of the cold material on the seal liquid medium.

 Alternate sealing fluids such as glycol-water mixture may be considered. Alternatively, 
methods such as heating the seal fluid or draining the seal when cold temperature is 
detected have been used.

 To prevent air entry, it is necessary that the seal dip-leg height and the density and 
amount of seal liquid within the drum be sufficient to prevent the seal from being 
broken as a result of the vacuum formed in the flare header. 

 The physical dip-leg height is measured from the top opening of the seal head or end 
piece (e.g. the top of the V-notches on the end of the pipe) to the bottom of the 
horizontal section of the flare header piping immediately upstream of the inlet leg.

 The relative elevations of the flare header and other equipment and other factors can 
limit the vacuum sealing capability. 

 If it is necessary to have the liquid seal inlet some height above the flare header 
elevation, then the flare header shall be sloped to avoid low points. 

Design of Flare Drums and Seals
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Seal Drum

 The seal drum should be designed to provide the volume of liquid (without credit for 
makeup liquid) to fill the vertical seal leg up to the specified vacuum. It is important 
that the purchaser states this performance requirement on the datasheet.

 Experience has shown that a minimum dip-leg height of 3 m (10 ft) above the liquid 
level [i.e. ~34.5 kPa (5 psi) vacuum if water is used as the seal liquid] is effective in 
minimizing the ingress of air into the flare header from flare stacks for typical refining 
applications.

 A tank-blanketing regulator, pressure regulator, and/or pressure switch/transmitter 
that dumps extra purge gas into the flare header system in the event of vacuum can 
also be considered in addition to, or in place of, the water seal.

 In some situations, special considerations can affect the size of a seal drum. One 
such occurrence is a large flow of hot vapor into the vent header. The vacuum created 
when this vapor cools can pull sufficient liquid into the header to break the seal, thus 
allowing air to be drawn into the flare system. 

 To prevent this occurrence, the inlet line should be constructed to form a vacuum leg. 
The total vertical height of the inlet leg at the seal drum is determined by the 
maximum vacuum expected. The volume of liquid in the inlet line at the maximum 
vacuum should be obtained from the seal drum. This requirement can necessitate an 
increase in the size of the drum.

Design of Flare Drums and Seals
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Seal Drum

 The flare header pressure at which gas begins passing through the seal can vary 
depending upon the purpose of the water seal (i.e. prevent air infiltration, act as a 
flame arrester, act as a staging device or provide backpressure to a flare gas recovery 
system). 

 The gas pressure at the start of flow through the liquid seal can vary from 50 mm (2 
in. H2O) to 3050 mm (120 in. H2O) or more. Typical seal depths are equivalent to a 
gauge pressure of 13.8 kPa to 34.5 kPa (2 psi to 5 psi) for staged flares or 6.9 kPa to 
13.8 kPa (1 psi to 2 psi) where a flare gas recovery system is used. 

 For general applications, a seal depth of 150 mm (6 in.) is common. 

Seal Drum Design

 A baffle maintains the normal water level, and the vapor inlet is submerged 75 mm to 
100 mm. 

 Drum dimensions are designed such that a 3 m slug of water is pressured back into 
the vertical inlet piping in the event of flashback, thus preventing the explosion from 
propagating further upstream.

 The vapor space is sized to avoid water entrainment in the flare gas. As a rule, vapor 
velocities in the drum should not exceed 150 % of critical. This however can be 
increased to 230 % V, (Vc, critical velocity) when considering a remote contingency.

Design of Flare Drums and Seals
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Seal Drum Design

 The seal drum designs described include a serrated edge at the base of the dip leg,

Design of Flare Drums and Seals
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Typical Horizontal Flare Seal Drum

Design of Flare Drums and Seals
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Quench Drum

 Relief streams that are above the auto-ignition temperature on the upstream 
side of the valve can ignite spontaneously on contact with air unless 
sufficient cooling occurs before a flammable vapor-air mixture is formed.

 For this reason, these hot streams should usually be routed to a closed 
system, cooler, or quench tower.

 A quench drum can be used to condense the vapor discharge from a relief 
device for either later return back into the process after the relieving 
condition has passed or for disposal to the sewer.

 Generally, a quench drum is provided whenever the material being relieved 
is too valuable to be burned in a flare or too toxic to be relieved to 
atmosphere in a vent stack.

 A quench drum can be used to cool hot material so that the entire relief 
system does not need to be designed for the higher temperature.

Design of Quench Drums
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Quench Drum

Design of Quench Drums
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Design of Flare K.O. Drum Pump

 Pump sizing is based on to pump out the maximum anticipated liquid 
inventory to the specified low level.

 Due to the wide range of fluids handled, the pump should be specified for 7 
ft (2 m) NPSH requirement at the suction flange and spacing between pump 
and K.O. drum should be minimized.

 The pump design temperature should be the same as that of the K.O drum, 
and design pressure is set according to the disposal routing downstream.

 Disposal of pump-out material from the K.O drum is normally to pressure 
slop storage, light atmospheric slop storage, or other atmospheric tankage.

 A spare pump is normally provided for this service which can be used in 
case the liquid level rises too fast in the drum due to unforeseen 
circumstances or if the operating pump is out of service.

Design of Flare K.O. Drum Pump
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Design of Flare K.O. Drum Pump

 Horizontal centrifugal pumps are commonly selected for flare knockout drum 
service. Centrifugal pumps are usually less costly and more reliable as well 
as being simpler to maintain than positive displacement pumps.

 The motor driven knockout drum pumps should be connected to the 
emergency power system or powered from two separate feeders. Where this 
is not possible, a steam turbine driver should be provided to the spare pump 
to assure its operation during partial or total power failure.

 A steam-driver manually started and automatically shut off on low level is 
often preferred for the pump out service because it is not always known 
where the material will be disposed.

Design of Flare K.O. Drum Pump
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Vent Stack

Vent Stack

 Where the atmospheric vent handles combustible vapors, the outlet from the 
vent should be elevated approximately 3 m (10 ft) above any adjacent 
equipment, building, chimney or other structure.

 The size of a vent stack is determined by the available pressure drop and by 
any minimum velocity required to prevent hazardous conditions due to 
combustible or toxic material at grade or working levels.

 Normally, a size is selected that results in a high discharge velocity; for 
example, a velocity of 150 m/s (500 ft/s) provides excellent dispersion.

 The siting of vent stacks discharging to atmosphere should consider 
personnel health and safety, noise, potential odor, potential ground level 
concentrations, potential liquid carryover, ignition sources, and thermal 
radiation.
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Vent Stack

Vent Stack

 The height and location of the vent stack shall be selected so that the 
concentration of vapor at a point of interest is below the lower flammable 
limit of the vapor. 

 The lower threshold for flammability concerns can be satisfied by ensuring 
the concentration at potential sources of ignition, personnel location, or other 
vulnerable areas does not exceed 0.1 times to 0.5 times the lower 
flammable limit.

 Toxic thresholds are generally much lower than the flammability thresholds 
in certain applications and can become the governing factor.

 The potential for flashback shall be considered. An example of a method to 
mitigate flashback is to install an appropriate and reliable continuous purge 
gas at a rate determined by the Husa correlation to prevent air intrusion.

 Steam is not an effective purge fluid for preventing air infiltration because it 
can condense.
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Flare System

 The flare provides a means of safe disposal of the vapor streams from 
disposal system, by burning them under controlled conditions such that 
adjacent equipment or personnel are not exposed to hazard, and at the 
same time meeting pollution control and public relations requirements.

 Three types of flare are available: 
 Elevated flare

 Ground flare

 Burning-pit flare.

 Selection is based primarily on pollution/public relations considerations; i.e., 
smoke, luminosity, air pollution, noise and spacing factors.
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Flare
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Flare

Elevated Flare

 The elevated flare is by far the most commonly used type of flare used in 
refineries and chemical plants.

 If adequately elevated, this type of flare has the best dispersion 
characteristics for malodorous and toxic combustion products, but visual and 
noise pollution can present public relations problems.

 Elevated flares shall not exceed the work area limit (80 dB(A)) at the 
perimeter of the sterile area (of at least 60 m from the flare base) when 
operating at flow rates up to 15% of maximum flaring capacity. (IPS-G-SF-
900)

 If the plant to which the flare is allocated is subject to environmental noise 
requirements, the application of low noise flares shall be evaluated even if 
the flare is to be used for emergency conditions only.
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Flare

Elevated Flare

 Capital costs are relatively high, and an appreciable plant area may be 
rendered unavailable for plant equipment, because of radiant heat 
considerations.

 Despite some of its disadvantages, the elevated flare is the general choice 
either for total flare loads, or for handling overcapacity releases in 
conjunction with a multijet ground flare. 

 For most applications, the elevated type is the only acceptable means of 
flaring "dirty gases," i.e., gases high in unsaturates or hydrogen sulfide, or 
which have highly toxic combustion products.
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Flare
Elevated Flare
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Flare
Elevated Flare

 Self-Supported :

are normally the most desirable. However, they are also the most expensive 
because of greater material requirements needed to ensure structural 
integrity over the anticipated conditions (wind, seismic and the like). They 
require only enough land area for the foundation and the ability to meet safe 
ground-level thermal-radiation levels, but are normally limited (economically 
versus alternatives) to a stack height 100 m (330 ft).

 Guy-Wire-Supported :
These are the least expensive but require the largest land area due to the 
guywire radius requirements. The typical guy-wire radius is equal to one-half 
the overall stack height. Guyed stack height is normally limited to a stack 
height of 250 m (800 ft).

 Derrick-Supported :

These are used only on larger stacks where self-supported design is not 
practical, or available land area excludes a guy-wire design. 
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Flare
Ground Flare

 Various designs of ground flare are available. The type, which has been 
used almost exclusively, is the multijet flare.

 Smokeless operation can generally be achieved, with essentially no noise or 
luminosity problems, provided that the design gas rate to the flare is not 
exceeded. 

 Since the flame is near ground level, dispersion of stack releases is poor 
and this may result in severe air pollution or hazard if the combustion 
products are toxic or in the event of flame-out. 

 Capital and operating cost and maintenance requirements are high.

 The multijet flare is suitable for "clean burning" gases (i.e., where toxic or 
malodorous concentrations are unlikely to be released through incomplete 
combustion or as combustion products)
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Flare
Ground Flare
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Flare
Ground Flare – Multi Burner Flares

 Multi-burner flare systems utilize the available pressure energy of the gas to 
entrain additional air. This improves combustion as flare gas is better mixed 
with the air.

 Multiburner flares are usually designed to achieve smokeless combustion if 
adequate pressure and space are available. The multiple burning points may 
be arranged in arrays located near grade or at an elevated position.

 MultiJet Flare Systems are designed to handle a proportion of the maximum 
flow, typically 20%, so that releases up to this level will be relatively 
smokeless and non-luminous.

 An over-capacity line to an elevated flare is provided to handle the excess 
flow when the flaring rate exceeds the capacity of the multijet flare. The 
over-capacity flare is normally not provided with steam injection, and smoke 
formation is accepted during the infrequent occasions when it discharges.
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Selection of Flare Stack Location
New Units

 Location of the flare stack for a new relief system is dependent on the total 
relief load (Btu/h, kJ/h, kcal/h), height of the flare stack, and acceptable 
ground level radiation. 

 The selection of the new flare stack location is based on two primary criteria:

1-Available pressure drop from the relief sources to the flare tip:

For low relief valve set pressures, the available pressure drop may be low 
enough to limit the distance between the source of relief and the flare tip. 
However, this is usually not the case. Sufficient pressure drop is normally 
available to site the flare stack at any location within the refinery plant limits.

2- Available plot space for the flare stack and safety circle:

The first choice would be an open area at the extreme end of the refinery 
where future expansion could be performed without impact on any adjacent 
facilities, including tankage areas.
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Revamp Projects

 A new flare should not be selected for revamp of an existing relief system 
without first exploring the possibility of continued use of the unmodified 
existing flares : 

1-Check if the existing capacity is sufficient

2-Reduce the new design case to fit the existing system

3-Where flare header hydraulics are limiting, several solutions may be 
available:

-Provide a new relief header parallel to the existing relief header(s).

-Replace conventional relief valves with balanced bellows or pilot operated 
relief valves in order to increase the allowable pressure at the discharge of 
the relief valves.

-Review the equipment with the lowest allowable relief valve outlet pressure 
to determine if the equipment MAWP can be increased. This is a specialized 
review that should include vessel designers. Also, consider the existing 
condition of the protected equipment with respect to corrosion.

- Dynamic analysis

Selection of Flare Stack Location
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 Spacing, location and height of flares are determined by consideration of the 
following factors:

-Radiant Heat : Acceptable levels of radiant heat density for equipment and 
in areas where personnel may be present.

-Pollution Limitations (i.e., smoke formation, malodorous or toxic combustion 
products, noise) : May be based on statutory and/or public relations 
requirements.

 The sizing of the flare stack requires that the following items be calculated or 
estimated:

1. Flare stack diameter (set by velocity and available ΔP)

2. Wind tilt (set by wind velocity and stack exit velocity)

3. Dispersion (set by stack height and wind speed)

4. Height (set by radiation intensity and ground level concentration of        
emissions)

Selection of Flare Stack Location
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Elevated Flare Design
Flare Tip Diameter

 The flare tip diameter is generally sized on a velocity basis, but the pressure 
drop must also be checked. Pressure drops as large as 14 kPa (2 psi) have 
been satisfactorily used at the flare tip

 API 521 recommends a maximum tip velocity corresponding to a Mach 
Number of up to 0.5 for peak, short-term, infrequent flow emergency 
discharges and 0.2 for continuous, more frequent releases.

 The Mach Number for a given tip diameter and flow rate may be calculated 
from : 

(English) : (SI):
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Flare Height and Thermal Radiation

 Protecting personnel and facilities from excess thermal radiation is one of 
the major factors in setting the height of an elevated flare.

 The thermal radiation at any point (e.g., grade) depends on the total heat 
release, the luminosity of the flame, the length of the flame, the tilting of the 
flame from vertical (caused by wind), etc.

Elevated Flare Design
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Flare Height and Thermal Radiation

Elevated Flare Design
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Flare Height and Thermal Radiation

 Industrial flares are normally designed so that personnel in the vicinity are 
not exposed to a heat intensity greater than 1500-2000 Btu/(h-ft2) when 
flaring at their maximum design rates.

 Personnel are commonly protected from high thermal radiation intensity by 
restricting access to any area where the thermal radiation can exceed 6,31 
kW/m2 (2 000 Btu/(h.ft2)). (API 521 – 2007)

 The boundary of a restricted access area can be marked with signage 
warning of the potential thermal radiation exposure hazard. Personnel 
admittance to, and work within, the restricted access area should be 
controlled administratively. 

 It is essential that personnel within the restricted area have immediate 
access to thermal radiation shielding or protective apparel suitable for 
escape to a safe location.

Elevated Flare Design
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Flare Height and Thermal Radiation

 The flare owner/operator shall determine the need for a solar-radiation-
contribution adjustment to the values given in Table 9.

 While an adjustment of 0,79 kW/m2 to 1,04 kW/m2 (250 Btu/(h.ft2) to 330 
Btu/(h.ft2)) to a 6,31 kW/m2 (2 000 Btu/(h.ft2)) level has a relatively small 
impact on flare cost, the same adjustment to a 1,58 kW/m2 (500 Btu/(h.ft2)) 
level results in a significant increase in cost.

 A design wind velocity of 9 m/s (20 mph) is a common assumption for most 
radiation calculations. The normal wind velocity of 10 ft/s (3 m/s) is also 
considered in relevant calculations.

Elevated Flare Design
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Flare Height and Thermal Radiation

 A common approach to determining the flame radiation to a point of interest 
is to consider the flame to have a single radiant epicenter and to use the 
following empirical equation by Hajek and Ludwig :

Elevated Flare Design
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Flare Height and Thermal Radiation

 The fraction of heat intensity transmitted, τ, is used to correct the radiation 
impact. It can be estimated by the following equations:

 The above empirical equations are applicable only under the following 
conditions: hydrocarbon flame radiating at 1227°C, dry bulb ambient 
temperature is 27°C, relative humidity is more than 10%, and distance from 
the flame is between 30m and 150m. However, these equations should 
prove adequate for most flare gases, except for those such as H2 or H2S, 
which burn with little or no luminous radiation.

Elevated Flare Design
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Flare Height and Thermal Radiation

 The fraction of heat radiated, F, is a function of the gas flared. The F factor 
allows for the fact that not all the heat released in a flame can be transferred 
by radiation.

 If stream-specific data are not available, a design basis of F=0.2 can be 
used, which normally will give conservative results for most hydrocarbons 
and organics.

 Where steam injection is used at a rate of about 0,3 kg (0,7 lb) of steam per 
kilogram (pound) of flare gas, then the fraction of heat radiated, F, is 
decreased by 20 %.

Elevated Flare Design
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Flare Height and Thermal Radiation

 The data in below table apply only to the radiation from a flame from 
subsonic flares. If liquid droplets of hydrocarbon larger than 150 μm in size 
are present in the flame, the 

values in following table should 

be somewhat increased. 

If the flame is not entirely 

smokeless, the effective 

overall F-factor can be less than 

the values in this table. 

Exit velocity and flare-tip design

can also influence the F-factor.

Elevated Flare Design
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Flare Height and Thermal Radiation
 For pipe flare recommended emissivity coefficient is:

natural gas molecular weight of 18 : 0.21
natural gas molecular weight of 21 : 0.23
ethane : 0.25
propane : 0.30

 For molecular weights above approximately 30, flares have an increasing 
tendency to smoke unless diluted with stream or air. Smoky flames absorb 
much of the radiation in the outer layers and consequently the emissivity 
coefficients are unpredictable. For propane (flare from NGL plant, say) a value 
of less than 0.30 should not even be considered.

 For sonic flare recommended emissivity coefficient is 0.13 for all gases without 
liquid carry-over and 0.15 with liquid carry-over not exceeding 5% weight.

 When a radiation calculation is performed by a flare vendor it is necessary to 
check carefully the emissivity coefficient used because some vendors take a 
too low value for this emissivity coefficient. Many time, the emissivity 
coefficient used by the manufacturers does not take into account the liquid 
carry over, they consider an ideal gas/liquid separation. The droplets size used 
for the flare drum sizing shall be clearly indicated in the flare tip Process data 
sheet.

Elevated Flare Design
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Flare Height and Thermal Radiation

 Flares should be at least as high as any platform or building within 500 ft 
(150 m) horizontally, and in no case less than 50 ft (15 m) high.

 Any source of ignitable hydrocarbons, such as separators or floating roof 
tanks, should be at least 200 ft (60 m) from the base of the flare stack, 
assuming the potential for liquid fall-out from the flare is minimal.

 Flares should be located to limit the maximum ground level heat density to 
500 Btu/hr/ft2 (1.6 kW/m2) at any property line. The minimum distance from 
the base of the flare stack to the property line should be 200 ft (60 m).

 The general steps to be followed for calculating the flare stack height :

1- Establish a flare area (circle) with piping design group, where personal 
access shall be limited. This circle shall not include process plot areas, 
combustible material storage tanks, utility areas and any other facilities 
where personal access is required for daily activities. Flare K.O. drum and 
seal drums may be located inside this circle, if proper shelter is provided 
near the K.O. drums and/or seal drums.

Elevated Flare Design
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Flare Height and Thermal Radiation

2- Calculate the stack height so that the maximum ground level radiant heat 
intensity does not exceed 1,500 – 2000 Btu/ft2/h at the edge of the flare 
area circle, based upon the maximum instantaneous relief flow to the flare 
and the design wind velocity. 

If free personal access is required at any flare area, the stack height shall be 
sized not to exceed 1,500 Btu/ft2/h (4.73 kW/m2, 4,069 kcal/m2/h) at any 
ground level.

3- Using the height and radius calculated in the first step and the normal wind 
velocity, check that the radiant heat intensity does not exceed 500 Btu/ft2/h 
at a distance from the base of the stack equal to this radius when the 
maximum continuous relief flow to the flare occurs.

4- Check that the surface temperatures of process equipment and storage 
tanks do not exceed 302 to 392 °F (150 to 200 °C) when the maximum relief 
flow occurs.

Elevated Flare Design
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Flare Height and Thermal Radiation

 Equipment Surface Temperature

The surface temperatures of process equipment and storage tanks, when 
the maximum relief flow to the flare occurs, can be estimated using the 
following equations:

For surfaces sheltered from the wind:

For surfaces exposed to the wind:

Elevated Flare Design
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Flare Height and Thermal Radiation

 Equipment Surface Temperature

For surfaces exposed to the wind:

Elevated Flare Design



8888

Flare Height and Thermal Radiation

Elevated Flare Design
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Flare Height and Thermal Radiation

 Equipment Surface Temperature
Example: Estimate the surface temperature on cast iron equipment which is receiving 
radiation from the flare at 498 Btu/ft2/h. The air temperature is 61°F and wind velocity 
is 19 ft/s.

 Data Required for Radiation Calculation :
-Gas flow rate; maximum instantaneous (peak) relief flow rate, and maximum 
continuous (normal) flow rate.

-Approximate composition of the gas to be flared. If there is a substantial difference 
between the composition of the gas during the maximum instantaneous relief and that 
of the maximum continuous relief, both compositions are needed. If composition is not 
available, approximation can be done based on molecular weight.

-Temperature of the gas to be flared.

-Low (net) heating value (LHV) of the gas to be flared. If composition unknown, A  
simplifying assumption can be made that most hydrocarbon gases have a lower 
heating value of approximately 19,980 Btu/lb (46,500 kJ/kg, 11,100 kcal/kg).

-Wind velocity

-Stack Diameter

Elevated Flare Design
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Flare Height and Thermal Radiation

 Procedure for Stack Height Calculation (Simple Approach – API521):

1) Calculate Flare Stack Diameter based on Mach No. Criteria

2) Calculate the heat liberated from :     Q = W x LHV

3) Calculate the gas density by: 

ρg = (Mg P) / (Rg Tg) 

4) Calculate the volumetric gas flow rate by:

V = W /ρg

5) The flame distortion caused by wind velocity (see Figure 9) can be 
represented by Equation

Uj = 4 x V / pi x d2

Read from Fig.9 the           and 
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Flare Height and Thermal Radiation

 Procedure for Stack Height Calculation (Simple Approach – API521):

6) Read flame length ,L , from figure 7

7) Calculate the distance from the flame center to the grade-level boundary 
(that is, the object being considered), D :

8) 

Example :

Circle area radius = 45.7 m.

Elevated Flare Design
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Flare Height and Thermal Radiation

Elevated Flare Design
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Flare Height and Thermal Radiation

Elevated Flare Design



9494

Flare Height and Thermal Radiation
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Flaresim Example:
1) The objective is to design a flare stack for an offshore platform. It is
assumed that an inclined flare (60°) boom will be used mounted on the side 
of the platform which faces the prevailing wind. The design is to be based on
thermal radiation limits as follows:

• 600 btu/hr/ft2 at the helideck located 150 ft from the side of the
platform and 30 ft above the base of the flare stack.
• 1,500 btu/hr/ft2 at the base of the flare stack.

The following design data is available
Fluid Material Hydrocarbon Vapour
Flow 100,000 lb/hr
Mol Wt. 46.1
Vapour Temp. 300 ˚F
Heat of combustion 21,500 btu/lb
Heat Capacity ratio 1.1
Tip Diameter 18 in
Tip Length 3 ft
Wind Velocity 20 mph

Calculate stack height based on subsonic and sonic flare tip.

Elevated Flare Design
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 Air pollution concentrations are usually expressed in units of mass of pollutant 
per volume of contaminated air, e.g., µg/m3

 If the contaminant is a gas, the concentrations may also be expressed in units 
of volume of pollutant per volume of contaminated air, e.g., cm3/m3 or the 
equivalent volume parts per million (ppmv).

Dispersion
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Dispersion

 Two specific concentrations of interest are the ambient concentration and the 
ground level concentration (glc).

 An ambient concentration is the concentration at any point of interest in the 
atmosphere. Ambient concentrations at points on or close to the ground due 
to all sources are glcs.

 Any substance discharged into the atmosphere from an air pollution source is 
an emission.

 A point source is one from which emissions of waste gas are discharged 
into the atmosphere through a well-defined conduit, and for which the 
downwind distance of concern is much larger than the conduit diameter.

 An area source, unlike a point source, does not emit pollutants through a 
well-defined conduit nor does the downwind distance of concern have to be 
larger than the area of the source.
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Dispersion

 A volume source is generally a combination of numerous point sources of 
different height.

 Fugitive emissions, usually treated as either an area or volume source, 
result from leaks in pollution control devices and other mechanical equipment.

 Air dispersion, or atmospheric diffusion, is the dilution of an air pollutant 
due to natural atmospheric movement and to the interaction between the 
momentum and buoyancy (if any) of the pollutant and natural convective 
mixing of the atmosphere.

 the average of the larger-scale slowly changing component is termed the 
mean wind speed, u, while the rapidly changing smaller-scale components 
are called turbulence and is treated statistically.

 Surface roughness length is a measure of the mechanical turbulence.

 the wind (speed and direction) changes with elevation. This is called wind 
shear.
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Dispersion

 The often-used method is the logarithmic wind speed power law as follows:
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Dispersion

 Calculated maximum concentrations may be converted from one averaging 
time to another (up to 24-hour averages) using this equation : 

 For approximate estimates of annual average concentrations, a reasonable 
rule of thumb for the annual concentration value is about 10% of 1-hour 
maximum concentrations.

 Throughout the day, the dispersive capacity of the atmosphere changes as 
solar radiation and wind speed change.

 Atmospheric stability describes the dispersive capacity of the atmosphere in 
terms of convective and mechanical turbulence.
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Dispersion

 What is done in practice is to define atmospheric stability by empirical or semi-
empirical means based on easily observed phenomena, and then to use the 
stability so defined as an indicator of dispersive capability.

 Most schemes consider 4 or 6 discrete stability categories (more rarely 7 or 
some other number) with the designation “A” (or “1”) going to the most 
unstable atmosphere and subsequent letters (or numbers) indicating 
progressively more stable atmospheres.

 Neutral atmospheres are usually indicated by “C” or “D” (“3” or “4”).
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Dispersion
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Dispersion
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Dispersion
 THRESHOLD LIMIT VALUES (TLVs), Refer to air borne concentration of

substances and represent conditions under which it is believed that nearly all
workers may be repeatedly exposed day after day without adverse health
effects.

 TLVs for gases and vapors are usually established in terms of parts per million 
of substances in air by volume (ppm). For convenience to the user, these 
TLVs are listed with molecular weights. 

TLV in mg/m3= (TLV in ppm) x (molecular weight of substance) / 24.45

where 24.45 is molar volume of air (m3/kmol) at normal temperature and 
pressure conditions (25°C and 1 atm). 

 Two categories of Threshold Limit Values (TLVs) are specified herein, as 
follows:

Short Time Exposure Limit (STEL): used to quantify short term exposure of 
personnel to toxic gas (maximum of 4 exposures per day of less than 15 min 
each).

Time Weighted Average (TWA): used to quantify continuous exposure of 
personnel to toxic gas (8 hours a day or 40 hours per week).
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Elevated Flare

 Assist Gas: Combustible gas that is added to relief gas prior to the flare 
burner or at the point of combustion in order to raise the heating value.

 Blow-Off: Loss of a stable flame where the flame is lifted above the burner, 
occurring if the fuel velocity exceeds the flame velocity.

 Combustion Air: Air required to combust the flare gases.

 Burnback: Internal burning within the flare tip. Burnback can result from air 
backing down the flare burner at purge or low flaring rates.

 Burning Velocity (Flame velocity): speed at which a flame front travels 
into an unburned combustible mixture.



106106

 Deflagration: Explosion in which the flame-front of a combustible medium is 
advancing at less than the speed of sound.

 Detonation: Explosion in which the flame-front of a combustible medium is 
advancing at or above the speed of sound.

 Destruction Efficiency: Mass fraction of the fluid vapor that can be 
oxidized or partially oxidized. For a hydrocarbon, this is the mass fraction of 
carbon in the fluid vapour that oxidizes to CO or CO2.

 Enrichment: Process of adding assist gas to the relief gas.

 Flame-Retention Device: Device used to prevent flame blow off from a 
flare burner.

 Flare Burner (Flare Tip): Part of the flare where fuel and air are mixed at 
the velocities, turbulence and concentration required to establish and 
maintain proper ignition and stable combustion.

Elevated Flare
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 Flashback: Phenomenon occurring in a flammable mixture of air and gas 
when the local velocity of the combustible mixture becomes less than the 
flame velocity, causing the flame to travel back to the point of mixture.

 Purge Gas: Fuel gas or non-condensable inert gas added to the flare 
header to mitigate air ingress and burnback.

 Windshield: Device used to protect the outside of a flare burner from direct 
flame impingement. The windshield is so named because external flame 
impingement occurs on the downwind side of an elevated flare burner.

 Flame Dip: When the slow upward flow of a lighter than air gas permits air 
to flow downward along the stack wall.

Elevated Flare
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Flare Tip

 The flare tip is the last device of the flare system. It is used to burn the gas 
without liquid, except the small quantity due to the carryover from the 
associated drum. Different types can be used and they are: pipe flare and 
sonic flare.

 Incoloy 800 and stainless 310 are the recommended materials for flare .

 The length of the flare tip is normally 3 m.

 The pipe flare tip may have a mechanical device (e.g. flame retention ring) 
or other means of establishing and maintaining a stable flame. 

 The ignition fire from the gas discharge is initially ignited by interaction with 
the pilot(s) flames. Once the pilot lights and the flame stabilizes, the flare 
should maintain flame stability over the operating design range. 

Elevated Flare
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Flare Tip

 The allowable flare burner exit velocity is a function of relief gas 
composition, flare burner design, and the gas pressure available. These 
parameters are interrelated. 

 Some flare tips incorporate a flame-retention device or other means that 
provides a stable burning flame either attached or detached relative to the 
flare tip. 

 Experience has shown that a properly designed and applied flare burner can 
have an exit velocity of more than Mach 0.5, if pressure drop, noise, and 
other factors permit. Many pipe flares, assisted or unassisted, and air-
assisted flares have been in service for many years with maximum Mach 
numbers of Mach 0.8 and higher.

Elevated Flare
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Sonic Flare Tip

 The exit gas velocity is at least 1 Mach. Fluid jets discharging into the 
atmosphere induce air and tend to mix the induced air with the fluid. Air 
when premixed with gas in a gas burner improves combustion and gives a 
clean efficient flame which reduces the emissivity and radiation.

 The sonic flare back pressure for the design flow rate could reach 4 to 10 
bars (normal 4 to 5 bars), when properly designed, however the downstream 
equipment have smaller sizes due to the lowest gas volume but an highest 
design pressure. Each manufacturer has its own design.

Advantages and Drawnbacks

The advantages and drawbacks of the sonic flare with the conventional pipe 

flare are:

Elevated Flare
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Sonic Flare Tip
Advantages

 Lower emissivity coefficient due to a better combustion (good mixing with 
air) and consequently lower radiations and lower flare height.

 Higher back pressure and consequently smaller headers, sub-headers and 
flare drum.

 Could be installed inclined but not recommended and not accepted by all 
manufacturers due to the possible tip damage at low flow rate.

Drawnbacks

 More maintenance (replacement every to 2 or 3 years, depending of 
manufacturer).

 More weight of flare tip.

 More noise.

 Cost ( more expensive ).

 Low pressure flare system could not be connected to sonic flare due to 
back-pressure. In this case a separated low pressure flare system is 
required or combined with the sonic tip, the LP flare tip being installed in the 
center of the sonic tip.

Elevated Flare
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Flame Properties
 A flame is a rapid, self-sustaining chemical reaction that occurs in a distinct 

reaction zone.

 The two basic types of flames are 

(a) the diffusion flame, which is found in conventional flares and occurs on 
ignition of a fuel jet issuing into air, and 

(b) the aerated flame, which occurs when fuel and air are premixed before 
ignition. The burning velocity, or flame velocity, is the speed at which a flame 
front travels through the unburned combustible mixture.

 In the case of a flare, the flame front is normally at the top of the stack.

 At low gas velocities, back mixing of air occurs in the top of the stack.

 Experiments have shown that if a sufficient flow of combustible gas is 
maintained to produce a flame visible from ground level, there is usually no 
significant back mixing of air into the stack. 

 At lower gas flows, there is the possibility of combustion at a flame front 
located part of the way down the flare tip with a resultant high tip temperature. 
Or there can be flame extinguishment with subsequent formation of an 
explosive mixture in the stack and ignition from the pilot light.

Elevated Flare
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Flame Properties

 In an aerated flame from a premixing device, such as a flare pilot, a 
phenomenon known as flashback can occur. 

 This results from the linear velocity of the combustible mixture becoming 
less than the flame velocity, causing the flame to travel back to the point of 
mixture.

 In the case of diffusion flames, if the fuel flow rate is increased until it 
exceeds the flame velocity at every point, the resultant turbulent mixing and 
dilution with air can cause the flame to be lifted above the burner until a new 
stable position in the gas stream above the burner is reached. 

 This phenomenon is called a detached, stable flame. (Extinguishment of the 
flame is referred to as blow off). 

 Both blow off and flashback velocities are greater for fuels that have high 
burning velocities. Small amounts of hydrogen in a hydrocarbon fuel widen 
the stability range because blow-off velocity increases much faster than 
flashback velocity.

Elevated Flare
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Smoke

 Many hydrocarbon flames are luminous because of incandescent carbon 
particles formed in the flames.

 The smoking tendency is a function of the gas calorific value and of the 
bonding structure of the hydrocarbons. The paraffinic series of hydrocarbons 
has the lowest tendency to produce smoke, whereas olefinic, diolefinic and 
aromatic series of hydrocarbons have a much higher tendency to produce 
smoke.

 Smoke is formed during the combustion of hydrocarbons only when the 
system is fuel-rich, either overall or locally. 

 Observation has revealed that suppression of the hydrogen-atom 
concentration in the flames accompanies the suppression of smoke 
formation. 

Smoke
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Smoke

 There are many possible causes for a smoking flare such as liquid 
carryover, flare gas flow rate change, change in flare gas composition, or 
incorrect flow of smoke suppression fluid. 

 Smoking is a visual signal to check operation (e. g. adjust the flow of smoke 
suppression fluid). 

 Smoke formation can possibly be reduced by reactions that consume 
hydrogen atoms or render them ineffective.

Steam Effects on Smokeless Operation

 One theory suggests that steam separates the hydrocarbon molecules, 
thereby minimizing polymerization, and forms oxygen compounds that burn 
at a reduced rate and temperature and that are not conducive to cracking 
and polymerization. 

 Another theory claims that water vapor reacts with the carbon particles to 
form carbon monoxide, carbon dioxide and hydrogen, thereby removing the 
carbon before it cools and forms smoke.

Smoke
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Smokeless Flaring

 To promote even air distribution throughout the flames (and thus prevent 
smoke formation), energy is required to create turbulence and mixing of the 
combustion air within the flare gas as it is being ignited.

 This energy can be present in the gases, in the form of pressure, or it can be 
exerted on the system through another medium, such as injecting high-
pressure steam, compressed air or low-pressure blower air and water into 
the gases as they exit the flare tip.

 The flare is usually required to be smokeless for the gas flows that are 
expected to occur from normal day-to-day operations. This is usually a 
fraction of the maximum gas flow, but some environmentally sensitive areas 
require 100 % smokeless or even a fully enclosed flare.

Smokeless Flaring
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Degree of Smokelessness
 The flare may be designed for various degrees of smokelessness. Many state 

and federal regulations state the smokeless requirement in the form “No 
operator shall allow the flare emissions to exceed 20 % opacity for more than 
5 min in any consecutive 2-h period.” This type of regulation is usually the 
basis for designing flares to achieve Ringelmann 1 (20 % opacity) 
performance. 

 Other applications can require Ringelmann 0 (zero opacity) for regulatory or 
community relations reasons. It is necessary for the user to understand the 
local regulatory requirements that govern smokeless requirements.

Steam Injection:
 Flare tips that use steam to control smoking are a common form of smokeless 

flare tip. 

 The steam can be injected through a single pipe nozzle located in the centre 
of the flare, through a series of steam/air injectors in the flare, through a 
manifold located around the periphery of the flare tip or a combination of all 
three, as appropriate for a particular application.

Smokeless Flaring
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Steam Requirements
 The amount of steam required for smokeless burning depends on the vapor 

flow rate to be burned and the detailed composition of the mixture. 

 Key parameters involving smokeless combustion include percentage of 
unsaturates, percentage of inerts, and the mixture relative molecular mass. 

 Certain specific compounds require special consideration by the vendor. 
Examples include ethylene, butadiene, acetylene, and ethylene oxide.

Smokeless Flaring
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Smokeless Flaring
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Steam-injected Smokeless Flare Tips

Elevated Flare
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Steam Injection
 Although steam is normally provided from a supply header at a gauge 

pressure of 700 kPa to 1 000 kPa (approx. 100 psi to 150 psi), special 
designs are available for utilizing steam-gauge pressure as low as 200 kPa
(approx. 30 psi).

 The major impact of lower steam pressure is a reduction in steam efficiency 
during smokeless turndown conditions.

 In cold climates, an internal steam nozzle can cause condensate to enter the 
flare stack and header, collect, and freeze. In some instances, this has 
resulted in complete blockage of the flare stack or flare header. Therefore, 
consideration should be given to supplying steam to an internal steam 
nozzle through a separately controlled steam line so that it can be turned off 
in cold conditions.

Smokeless Flaring
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High-Pressure Air:

 High-pressure air can also be used to prevent smoke formation. This 
approach is less common because compressed air is usually more 
expensive than steam.

 In some situations with low smokeless capacities, it can be preferable, for 
example, in arctic or low-temperature applications where steam can freeze 
and plug the flare tip/stack. 

 Other applications include desert or island installations where there is a 
shortage of water for steam, or where the waste-flare gas stream reacts with 
water.

 The air is usually provided at a gauge pressure of 689 kPa (100 psi) and the 
mass of air required is approximately 1.2 times the steam mass, because  
the compressed air does not produce the water-gas shift reaction that 
occurs with steam.

Smokeless Flaring
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High-Pressure Water:

 High-pressure water, while quite uncommon, is also used to control 
smoking, especially for horizontal flare applications and when it is necessary 
to eliminate large quantities of waste water or brine. 

 One lb (0,45 kg) of water at a gauge pressure 350 kPa to 700 kPa (approx. 
50 psi to 100 psi) is usually required for each 0,45 kg (1 lb) of gas flared. 
Freeze protection is required in cold climates.

High-pressure Fuel Gas Injection

 High-pressure fuel gas can also be used to prevent smoke formation by 
entraining outside air into the flare flame and generating turbulence to assist 
overall combustion.

 Special high-performance tips are used to reduce the amount of assist gas. 
If natural gas is used as the assist gas, typically 0.5 lb to 0.75 lb of assist 
gas per lb of flare gas is required, based on a flare gas consisting of normal 
paraffinics such as propane and butane. 

 The gauge supply pressure for natural gas assist is typically 500 kPa (~75 
psi) (minimum) with 1000 kPa (~150 psi) preferred.

Smokeless Flaring
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Low-Pressure Air:

 A low-pressure forced-air system is usually the first alternative evaluated if 
insufficient on-site utilities are available to aid in producing a smokeless 
operation. 

 The system creates turbulence in the flame zone by injecting low-pressure 
air supplied from a blower across the flare tip as the gases are being ignited, 
thus promoting even air distribution throughout the flames. 

 Usually, air at a gauge pressure of 0,5 kPa to 5,0 kPa (2 in H2O to 20 in 
H2O) flows coaxially with the flare gas to the flare tip where the two are 
mixed. 

 This system has a higher initial cost due to the requirement for a dual stack 
and an air blower. However, this system has much lower operating costs 
than a steam-assisted design (requiring only power for a blower). The 
additional quantity of air supplied by the blower for smokeless operation is 
normally 10 % to 30 % of the stoichiometric air required for saturated 
hydrocarbons and 30 % to 40 % of the stoichiometric air required for 
unsaturated hydrocarbons.

Smokeless Flaring
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Low-Pressure Air:

(Dual Stack)

Smokeless Flaring
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A high-pressure system:

 A high-pressure system does not require any utilities such as steam or air to 
promote smokeless flaring. 

 These systems utilize pressure energy available within the flare gas itself 
(typically a gauge pressure of 35 kPa to 140 kPa (5 psi to 20 psi) minimum 
at the flare tip) to eliminate fuel-rich conditions and resulting smoke within 
the flames. 

 Since no external utilities are required, these systems are normally 
advantageous for disposing of very large gas releases, both from the 
economics of smokeless operation and the control of flame shape. The 
individual tips used have relatively small capacities, and larger system 
designs can require that many tips be manifolded together. 

Smokeless Flaring
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Control of Fluid Injection for Smoke Suppression:

 The following methods of controlling steam (or compressed air, water and so 
on) for smokeless flare control are common (many other strategies are 
possible).

a) Manual Operation
This method is satisfactory if short-term smoking can be tolerated when a 
sudden increase in flaring occurs.

a) Video Monitoring with Manual Control

b) Feed Forward Control System for Pressure, Mass Flow, or Velocity
This system might not be desirable if the composition of the gas being flared 
varies widely over time (in other words, paraffins to olefins or aromatics, 
hydrogen, or various mixtures thereof).

a) Feedback System Using an Infrared Sensor
A disadvantage of this system is that infrared waves are absorbed by 
moisture and the resultant feedback signal is reduced in rainy or foggy 
conditions.

Smokeless Flaring
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Flares Without Smoke Suppression

 The simplest flare-tip design is commonly referred to as a utility or pipe-flare 
tip and can consist of little more than a piece of pipe fitted with a flame 
retention device for flame stability at higher exit velocities (the upper portion is 
typically stainless steel to endure the high flame temperatures) and a pilot for 
gas ignition. 

 This plain design has no special features to prevent smoke formation, and 
consequently should not be used in applications whereas methane or 
hydrogen smokeless operation is required, unless the gases being flared, 
such, are not prone to smoking.

 Flare tips of this style should include a flame-retention device (to increase 
flame stability at high flow rates) and one or more pilots (depending upon the 
diameter of the tip). Windshields or heat shields are usually added on flare 
tips to reduce flame lick on the outside of the tip.

Smokeless Flaring
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Flaring of Gases with Low Heating Value

 Gases that have a high enough heating value (usually greater than 7.5 
MJ/m3 (200 Btu/Scf) for unassisted flares and 11.2 MJ/m3 (300 Btu/Scf) for 
assisted flares) to sustain combustion on their own without any auxiliary fuel 
additions. 

 Endothermic gases can be disposed of in thermal incineration systems; 
however, there are situations where the preferred approach is to use a 
special flare design. These flares utilize auxiliary fuel gas to burn the flare 
gases. With small gas flow rates, simple enrichment of the flare gases by 
adding fuel gas in the flare header to raise the net heating value of the 
mixture can be sufficient. 

 In other situations, it can be necessary to add a fuel-gas injection manifold 
around the flare tip (similar to a steam manifold) and build a fire around the 
exit end of the flare tip through which it is necessary for the gases to flow. 
Dilute ammonia or high CO2 composition flare gases with small amounts of 
H2S are common applications where the addition of fuel gas is required.

 Gases with low heating value shall have low exit velocities to avoid creation 
of high excess air conditions that could over aerate a combustible mixture 
causing incomplete combustion and flame instability

Elevated Flare
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Unassisted Pipe Flare

 An unassisted pipe flare is used where smokeless burning assist is not 
required. 

 Unassisted flares require the gas to have a minimum net heating value of 
200 Btu/SCF.

 The pipe-flare tip may have a mechanical device or other means of 
establishing and maintaining a stable flame. The ignition fire from the gas 
discharge is initially ignited by interaction with the pilot(s) flames. Once the 
pilot lights and the flame stabilizes, the flare should maintain flame stability 
over the operating design range. Flame stability for a pipe flare is primarily 
dependent upon the selection of the gas exit velocity.

 Low gas-exit velocities and buoyancy-dominated flames are preferred for 
successful combustion of low heating-value relief gas. 

 High gas-exit velocities are preferred for higher-heating-value hydrocarbon 
relief gases or for relief gases rich in hydrogen.

Elevated Flare
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Purge Gas Requirement

 Flare system purging has traditionally been used to prevent the formation of 
explosive mixtures in flare and vent systems by preventing the admission of 
air into the flare system through leaks, back-flow of air at the flare tip at very 
low flows and back-diffusion of air into the flare tip.

 The requirements for a continuous purge can be eliminated if a liquid seal is 
located near the base of the stack. This requires special precautions in the 
design of the stack to assure viability in the event of an internal explosion.

 Combustible gases such as methane or natural gas, or inert gases such as 
nitrogen or carbon dioxide, are frequently used for purging flare systems.

 The quantity of purge gas (flow rate) required depends on whether other air 
sealing methods are used; e.g., diffusion or velocity seals. By using diffusion 
or velocity seals, the purge gas requirements can be reduced by 90% or 
more.

Elevated Flare
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Purge Gas Requirement

 Husa (1964) presented an empirical correlation to estimate the purge gas 
flow rates required to prevent explosive mixtures within a flare stack with no 
seal.

Elevated Flare
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Purge Gas Requirement

 These purge rates are based on limiting the oxygen concentration in the
flare system below 6% by volume, a so-called "safe purge gas rate."

 Husa‘s method are not directly applicable to stacks with length-to-diameter
ratios less than 50 or to stacks shorter than 50 feet. For short stacks, the
level of safe oxygen concentration is probably closer than 25 feet to the top
of the stack. The purge requirements for short stacks can be estimated by
multiplying the value from Husa‘s Figure by a correction factor of 25/a,
where “a” is the desired distance (ft) from the top of the stack to the level of
safe oxygen concentration.

 Required purge gas flow based on “Total” procedure (2005):
Purge gas flow = 2.4x104 3 MW-0.565 (without molecular or velocity seal)
Purge gas flow = 1.2x104 3 MW-0.565 (with molecular or velocity seal)
- Purge gas flow (Sm3/h)
- tip (m), or equivalent of all openings for sonic flares
- MW purge gas (kg/kmole).

Elevated Flare
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Purge Gas Requirement

 Required purge gas flow based on “API 521”:

 For lighter-than-air purge gases, below equation can be used to determine 
Q, the purge gas rate, expressed in Nm3/h for continuous purge 
requirements in open flares without the effect of buoyancy seal or velocity 
seal.

Elevated Flare
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Purge Gas Requirement

 Required purge gas flow based on “API 521”:

Elevated Flare
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Purge Gas Requirement

 Required purge gas flow based on “API 521”:

 API equation can be simplified using the typical criteria of limiting the oxygen 
volume fraction to 6 % at a distance of 7.62 m (25 ft) down the flare stack 
(except that lower oxygen concentrations should be used for certain 
compounds such as hydrogen):

Control of Purge Rate

 Once the required quantity of purge gas has been established, the injection 
rate should be controlled by a fixed orifice, rotameter or other device that 
ensures the supply remains constant and is not subject to instrument 
malfunction or maladjustment

Elevated Flare
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Air Seals

 Air seals (also called purge reduction or gas seals) prevent air from entering 
the stack, and are often recommended to prevent flashbacks and explosions 
in a flare system.

 Purge-reduction seals are not flame arrestors; that is, they will not stop a 
flashback. They are designed as energy-conservation devices to reduce 
purge-gas flows required to mitigate air infiltration into the stack.

 Air present in the stack can create a potentially explosive mixture with 
incoming flare gas during low-flare gas flow rate conditions.

 There are two common types of mechanical seals, usually located at/or 
below the flare tip that are used to reduce the amount of continuous purge 
gas required to prevent air infiltration into the flare stack : molecular seals 
(sometimes called diffusion, buoyancy or labyrinth seals), and velocity 
(fluidic) types.

Elevated Flare
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Air Seals

 In the event of loss of purge-gas flow (and assuming that there is no other 
waste-gas flow) the oxygen level below the velocity type seal will almost 
immediately begin to increase. In the case of the buoyancy seal there is a 
time delay between the moment the purge gas flow stops and the time the 
oxygen level below the seal begins to increase.

 Molecular seals are acceptable only for LP flares where gas velocity in the 
stack does not exceed, say, 60 m/s. They are strictly prohibited for sonic 
flares.

 Velocity seals have none of these limitations and are the preferred solution 
but they become immediately inefficient in case of loss of purge gas. Where 
a kinetic seal is used, and where practical, two independent sources of 
purge gas should be used in parallel to improve reliability.

 The molecular seal consists of a baffled concentric cylinder arrangement, 
which uses the difference in molecular weight of the flare gas and the 
ambient air to prevent air from entering the flare stack. This seal normally 
reduces the purge-gas velocity required through the tip to 0,003 m/s (0,01 
ft/s).

Elevated Flare
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Air Seals
 This rate limits oxygen levels below the device to less than 0,1 %. Higher 

purge-gas velocities can be required to avoid burnback within the flare tip.

 Velocity seals are more recent developments in seal design to prevent air 
entry into the flare stack.

 Velocity seals use conical baffles to redirect and focus the purge gas flow 
field just below the flare tip to sweep air from the flare stack. This seal 
normally reduces the purge gas velocity through the tip to between 0,006 
m/s to 0,012 m/s (0,02 ft/s and 0,04 ft/s).

 This rate limits oxygen concentrations below the seal to 4 % to 8 % 
(approximately 50 % of the limiting oxygen concentration required to create 
a flammable mixture). 

 Higher purge gas velocities can be required to avoid burn-back within the 
flare tip. Caution should be exercised when the waste-gas stream can 
contain hydrogen, ethylene or other gases with wide explosive limits. In such 
cases, a higher purge rate can be required to avoid an explosive mixture 
with air.

 Pressure drops as large as 14 kPa (2 psi) have been satisfactorily used at 
the flare tip. (Flare tip + Air Seal).

Elevated Flare
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Air Seals

Elevated Flare
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Flare Tip Pressure Drop

Elevated Flare
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Purge Gas Requirement

 Purge gas (inert) should also be introduced into the flare header during 
sudden ambient cooling (e.g., rain storm or sudden temperature drop) to 
offset the pressure reduction in the header caused by the cooling, which can 
draw in air.

 API 2000 uses a rate of internal temperature change of 100°F/hr or 1.7 
°F/min for atmospheric tanks. This corresponds to a rate of 2 SCFH of air 
per square foot of total roof and shell area.

 Simpson (1995b) recommends a design cooling rate of 8°F/min. This may 
be conservative, but not unduly so for flare headers. With an initial 
temperature of 100°F, the required inert gas rate is approximately:

 It is recommended that Simpson's equation be used for estimating the purge 
rate needed to compensate for air ingress due to sudden ambient cooling.

Elevated Flare
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Ignition of Flare Gases

 To ensure ignition of flare gases, continuous pilots with means for remote 
ignition are recommended for all flares.

 Some regulations can require the presence of a continuous pilot flame to be 
proven by thermocouple or equivalent means.

 The most commonly used type of igniter is the flame-front propagation type, 
which uses a spark from a remote location to ignite a flammable mixture.

 Pilot-igniter controls are located near the base of elevated flares and at least 
30 m (100 ft) from ground flares.

Pilot Fuel Gas Supply

 The fuel gas supply to the pilots and igniters should be highly reliable. Since 
normal plant fuel sources can be upset or lost, it is desirable to provide a 
backup system connected to the most reliable alternative fuel source, with a 
provision for automatic cut-in on low pressure. 

 Parallel instrumentation for pressure reduction is frequently justifiable. The 
flare fuel system should be carefully checked to ensure that hydrates cannot 
present a problem. 

Elevated Flare
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Pilot Burners and Ignition System

 The ignition mechanism for a flare installation usually consists of pilot 
burners and pilot burner igniters.

 The pilot burners serve to ignite the out-flowing gases and to keep the gas 
burning. These pilots must provide a stable flame to ignite the flare gases, 
and in many cases, to keep them burning.

 To accomplish this, more than one—and usually three or four—pilot burners 
are always used.

 Pilot burner gas requirements are about 200 SCFH per pilot for wind speeds 
above 50 mph; for wind speeds below 50 mph, the pilot burner gas 
requirement can be reduced to about 100 SCFH

 A separate system must be provided for the ignition of the pilot burner to 
safeguard against flame failure. The usual method is to ignite a gas/air 
mixture in an ignition chamber by a spark.

Elevated Flare
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Elevated Flare
Pilot Burners and Ignition System

 The flame front travels through an igniter tube to the pilot burner at the top of 
the flare. This system permits the igniter to be set up at a safe distance from 
the flare (up to 100 ft) and still ignite the pilots satisfactorily.

 The fuel gas supply to the pilots and igniters must be clean, dry, and 
reliable. Backup natural gas (or LPG) fuel should feed automatically when 
the normal supply is lost.

 Moisture is the biggest single problem when designing ignition systems. The 
air for pilots must be dry, since wet air will flood the ignition lines, short out 
the spark plug, and prevent ignition of the pilots. Use of -40°F dew point (or 
drier) instrument air is recommended.
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Elevated Flare
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Elevated Flare
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Burn Pit

 Burning-pit flares can handle flammable liquids or gases or mixtures of the 
two.
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Burn Pit

Sizing Procedure
 The burning-pit area is sized to provide sufficient surface to vaporize and 

burn liquid at a rate equal to the maximum incoming liquid rate.

1. Determine the linear regression rate of the liquid surface (i.e., the rate at 
which the liquid level would fall as a result of vaporization by radiant heat 
from the burning vapor above it, assuming no addition of incoming liquid):

2. Determine the pit area necessary to vaporize and burn liquid at a rate 
equal to the liquid input rate:
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Burn Pit

Sizing Procedure

3. The dike wall height above the water level is selected to provide holdup 
capacity for the largest liquid release resulting from a single contingency 
during 30 minutes, plus 18 in. (450 mm) freeboard. 

The liquid rate is based on the actual flashed liquid entering the pit, 
assuming no burning or further vaporization in the pit. The height of the dike 
wall above the water level should not, however, be less than 4 ft (1.2 m).
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Flare Network
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Flare Network
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Flare Network
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Flare Network


