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Minimize unplanned shutdowns  
of fired heater operations

There are many potential “rules,” or guidelines, for the 
safe operation of process heaters. American Petroleum 
Institute (API) STD 5601 and API RP 5352 provide many 
useful recommendations for operating heaters and burners, 
respectively. Companies normally develop their own detailed 
procedures based on API recommendations and their own 
experiences. These best practices can be summed up in four 
simple and easy-to-remember rules for operating fired process 
heaters. These rules are intentionally broad to encompass many 
of the more detailed procedures that have been developed 
for a particular heater, and they are especially useful for new 
operators that are learning the many facets involved with safely 
running process heaters. These common-sense guidelines are 
not intended to replace company procedures, but to provide a 
framework to more easily remember some of the more important 
factors in the safe operation of fired heaters. The focus here is 
upon safety,3 and not specifically, for example, on minimizing 
pollution,4, 5 or in maximizing efficiency6, 7 or uptime. However, 
these are often corresponding results of following the principles 
presented here. Examples are also provided for the potential 
negative consequences of not following each rule.

RULE 1: KEEP THE FLAMES IN THE BOX
Keeping the flames inside the firebox seems to be an obvious 

rule since the goal is to heat something inside the heater, not 
outside. This is vital for both worker safety and equipment 
integrity, and includes keeping not only flames in the heater, 
but also the hot gases generated in the combustion process. 
Flames and hot gases could exit any heater openings, including 
sight ports, burner air inlets and cracks in the heater shell.  
FIG. 1 shows an example of a flame outside a heater. In this case, 
the flame periodically exited the heater when the pressure inside 
went positive, which was on a fairly regular basis.

Hot gases exiting a heater may or may not be visible, depending 
on the conditions. On a bright sunny day, hot gases that are exiting 
heater openings might be difficult to see, so it is critical to ensure 
that no conditions exist that could force flames and hot gases 
outside a heater. The high-temperature gases can injure personnel, 
even those wearing flame-retardant clothing. Prolonged emissions 
of hot gases can also damage equipment. Two common causes that 
can force flames and hot gases out of a heater are positive pressure 
and pulsations, which are both discussed next.

Heater draft. Process heaters are designed to have a slightly 
negative pressure at the top of the radiant section, which is also 
referred to as the arch, or bridgewall.8 FIG. 2 shows a typical 
process heater draft profile. The least-negative (lowest-draft) 
location inside the heater is at the arch. However, it is possible 
for the pressure there to go positive. The primary device 
used to control heater draft is the stack damper, which, if not 
sufficiently open, would cause the pressure to go positive. A 
plugged convection section could also cause the same effect. 
Note: It is possible that the heater pressure could be negative 
near the bottom of the heater, yet positive near the arch. This is 
why the heater pressure should be checked before attempting 
to look through the sight ports, especially those that are located 
where the pressure is most likely to be positive if the heater 
is not operating as designed. Draft measurement at the arch 
is essential, and automatic draft control is recommended to 
ensure the heater pressure does not go positive.

Flame stability. While there are many types of unstable 
flames, those that are pulsing—often referred to as huffing or 
woofing—can force flames and hot gases to go outside of a 
heater.9 The transient nature of this condition can cause the 

FIG. 1. Flames and hot gases can escape heater openings, including 
sight ports, burner air inlets and cracks in the heater shell.

Originally appeared in:
March 2016, pgs 57-62.
Used with permission.

HYDROCARBON PROCESSING MARCH 2016



Heat Transfer

pressure in a heater to fluctuate between positive and negative. 
Severe pulsing has been known to cause sight port covers and 
explosion doors to lift or flap. Pulsating flames can cause flames 
and hot gases to escape a heater, and they can also potentially 
cause flames to temporarily escape by lifting them completely 
off the burner tip. If there is an ignition source inside the 
heater, or in any part of the heater that is at a temperature above 
auto-ignition, flames could reignite.10 This is potentially very 
dangerous, as the heater would likely be full of flammable gases 
that could ignite explosively, causing severe over-pressurization.

One of the possible causes of pulsing flames is the fuel 
pressure to the burners exceeding the maximum design 
pressure.8 High fuel pressure increases the fuel/air mixture 
velocity exiting the burner. If that velocity significantly exceeds 
the burning velocity, the flames can lift and even go out 
completely. The flames become over-strained because the gases 
cannot react fast enough to maintain flame stability. In diffusion 
burners, also known as raw gas or nozzle-mixed, the mixing of 
the fuel and air begins at the exit of the burner. Higher-than-
designed fuel exit velocities can also delay the mixing process, 
which can increase the likelihood of flame instability. Before 
the flame blows off completely, it often begins to pulse. This 

is because the high-velocity gases slow down as they expand 
after exiting the burner, allowing them to burn back toward the 
burner. Assuming that the gas velocities are not so high that the 
flame blows off completely, this can set up a pulsation where 
the flame burns back toward the burner but then is pushed away 
by the higher-than-designed gas velocities. The pulsating heater 
pressure can cause flames and hot gases to exit the heater. This 
cycle continuously repeats until something changes.

There are other possible causes of flame pulsations, such as 
damaged flame stabilizers (e.g., metal-cone flame holders or 
ceramic tile ledges) or a problem with the fuel injection system.9 
Flame stabilizers are designed to anchor the flames close to the 
burner outlet. Damaged stabilizers can lead to unstable flames. 
There are several possible fuel injection system problems that 
could produce unstable flames, such as tips that are plugged or 
damaged, improperly aligned or the incorrect size. The proper 
installation and maintenance of the correct burner tips are 
essential for proper burner operation and pulsation prevention.

RULE 2: KEEP THE FLAMES OFF THE TUBES
Fired heaters are used in the refining and petrochemical 

industries for the heating of various fluids. FIG. 3 shows heat that 
is transferred by both radiation and convection to the outside 
of the process tubes, through tubes by conduction, and away 
from the inside of the tubes by convection. Flame impingement 
causes too much heat transfer to the outside of the tubes.

Flame impingement on process tubes. Since most process 
heaters have a hydrocarbon feed, flame impingement can cause 
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FIG. 2. A typical process heater draft profile, which is designed to have 
a slightly negative pressure at the top of the radiant section, or arch.

Convection-flowing
hot furnace gases

Radiation–heat
from flame and

hot walls

Conduction–heat transfer
through steel tube

Convection
section

Radiant
section

FIG. 3. Heat is transferred by both radiation and convection to the 
outside of the process tubes.

FIG. 4. As most process heaters have a hydrocarbon feed, flame 
impingement can cause serious problems.
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serious problems. Visual observation of the burners may show 
that the flames are contacting the tubes. In some cases, a gradual 
increase in the tube metal temperature (TMT) could also 
indicate possible flame impingement. Operators should make it 
a point to look into each of their fired heaters at least once a shift 
to check for any problems with the flame patterns, particularly 
flame impingement (FIG. 4).

The effect on operations. The reason that tubes do not 
overheat inside a furnace is because of the cooling effect of the 
process fluid inside the tubes. This is the reason many heaters 
have carbon steel tubes: once a tube begins to overheat, there 
is a gradual buildup of carbon on the inside of the tube. This 
insulates a tube from the cooling effects of the process flow, 
which, in turn, makes the tube hotter. As the carbon continues 
to build, the flow area of the tube is reduced. If allowed to 
continue, the carbon will choke the tube completely, potentially 
resulting in a tube rupture.

Hot spots will normally develop in progressive stages. When 
the flames contact the tube surface, there is a cooling effect on 
the flame. This results in ash being laid down on the tube. This 
buildup will lead to scale on the tubes as the outer layer of the 
tube starts to burn away.

There are various stages in this process, illustrated in FIG. 5:11

• Dark areas first begin to appear from the carbon coating 
on the side of the tubes facing the burners.

• Silver or light gray spots form within the dark areas. This 
is caused by the carbon being burned off.

• These light gray spots will enlarge and cover a larger area.
• As the coking continues, red spots will begin to appear 

in the gray areas of the tubes. In some cases, the tube will 
take on a “mirror” finish that looks almost like a chromed 
piece of pipe.

• The tube will eventually start to bulge and then develop 
“pinhole” leaks. The tube is ready to rupture, and 
immediate action must be taken.

Preventive and corrective actions. Keeping the flames off 
the tubes is paramount. If flame impingement is noticed, the first 
step should be to adjust the burner causing the impingement to 
get the flame off the tube(s).

• The burner air register should be checked to confirm it is 
open. Gas tips should be examined for any plugging that 
could cause the flame to impinge on the tube. If plugging 
is evident, the tips must be removed and cleaned. Gas 
tips can be properly orientated by checking the burner 
drawing.

• Oxygen and draft requirements as per the heater design 
specifications should be confirmed.

If the heater cannot be shut down, there are three options:
1. Take the burner out of service, or reduce the firing rate 

by manually closing the block valve.
2. Increase the excess air to help cool the firebox.
3. Increase the process flow to the overheated pass.
There are other options, such as wrapping the tubes or 

clamping them while the heater is in service, which must be 
considered as extreme risk situations and approved by facility 
safety experts.

RULE 3: KEEP THE PROCESS IN THE TUBES
Generally, the purpose of a process heater is to heat some 

type of fluid flowing through tubes inside the heater. In a 
refinery or chemical plant, the fluid is typically some type of 
hydrocarbon fluid, such as crude oil. The burners in the heater 
then heat the fluid. More accurately, the burners heat the tubes, 
which conduct the heat into the fluid flowing through them. The 
tubes are used to safely convey the fluid through the heaters. If 
those tubes are damaged, the fluid that is under pressure can 
leak out into the heater. This is particularly dangerous when the 
fluid is flammable because the heater is likely to be hot enough 
that flammable fluid could ignite if there is sufficient oxygen in 
the heater.

There are many possible causes for a tube leak. The tubing 
could have been improperly manufactured with some thinner 
sections that fail under pressure or prematurely. It has become 
more common to inspect brand new tubes before they are 
installed in a heater with some type of tube inspection system to 
ensure that this does not happen. Tube leaks can also be caused 
by the presence of a corrosive process fluid (FIG. 6). An alternate 
metal type may be required if the tubing is likely to fail due to 

FIG. 5. Hot spots in tubes develop in progressive stages, leading to 
scaling as the outer layer begins to burn away.

FIG. 6. Corrosive fluids can cause a pipe to rupture.
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corrosion before it can be replaced at the next turnaround. 
Another potential cause for a tube leak is operating a heater with 
insufficient process fluid flow, which is required to remove heat 
from the heater to keep the process tube temperature below its 
design limit. This may happen at startup if there are problems 
getting the flow established. It could also be caused by a tube 
failure or process flow valve being closed upstream of the heater.

As related in Rule 2, the most common cause for damaged 
process tubes is flame impingement. Burners that are located 
too close together can cause the flames to coalesce and create a 
much larger and longer flame that could impinge on tubes near 
or above the burners (FIG. 7). Continuous flame impingement 
on a process tube causes the tube wall temperature to increase. If 
the temperature gets high enough, it can cause the hydrocarbon 

fluid flowing through the tube to break down and deposit coke 
(carbon) on the inside of the tubes. Tubes are designed to be 
cooled by the fluid flowing through them by transferring heat 
away from the metal by internal forced convection. However, 
if coke forms inside the tube, it acts like an insulator since its 
thermal conductivity is much lower than the metal’s. This 
reduces the convective cooling of the metal, causing the rise 
in the metal temperature. When internal coking is coupled 
with flame impingement, the heater tube temperature can 
continue to rise above its maximum design limit and eventually 
cause the tube to leak or even rupture. This must obviously be 
avoided—a significant tube leak can generate a large fire and 
huge quantities of thick black smoke as there will most likely not 
be enough oxygen to fully combust all of the leaking flammable 
fluid. A further concern is that the uncombusted leaking liquids 
and gases could burn outside the heater, increasing the risk of 
personnel injury and equipment damage.

RULE 4: KEEP FLAMMABLES OUT 
DURING LIGHTOFF

Although this is listed as the fourth rule, purging is the first 
action in the safe startup of all direct-fired heaters.9 Therefore, 
purging is a mandatory requirement and is covered in all the 
codes and standards around the world, such as API 556; NFPA 
85, 86 and 87; EN 298; CSA B149.3–10; and ANZ 3814. 
Depending on the jurisdiction and authority under which 
the heaters are operating, the purging function is not only 
mandatory, but it must also be a “proven” function within the 
safety system operating the heater.

Natural purging. In the past, and in many installations today, 
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FIG. 8. Ambient air passes through a heater by natural draft, purging 
the heater of any fuel products.

Stack exit

Stack damper

Stack transition

Convection section

Radiant section

Steam purge/snu	ng
connections
Burners

FIG. 9. Injecting steam into the base of the radiant section pushes any 
combustible gases up while bringing in fresh air through the burner air 
registers or dampers.
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FIG. 7. Continuous flame impingement on a process tube causes the 
tube wall temperature to increase.
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the normal practice of purging a natural-draft heater is to allow 
time for ambient air to pass through a heater by natural draft, 
thus purging the heater of any fuel products (FIG. 8). Typically, 
this takes about 20 minutes on a cold start, and is left to the 
discretion of the operator. The stack damper and burner air 
registers must be in the open position.

The major drawback with this purging method is proving 
that the purging function has taken place and is complete. 
The ambient conditions have a big effect on the freeflow of air 
through a heater. In colder regions, the freeflow of air can be 
zero, so there is no actual purging taking place. For that reason, 
ambient purging based purely upon time does not guarantee 
that a heater has actually been purged, and, therefore, should 
not be done.

The time designation of 20 minutes is not based on any 
empirical calculated method to ensure that four or five volume 
changes take place, but this is an industry predetermined 
minimum time period. Most operating companies will 
supplement the 20-minute time period with an operator-
actioned lower explosive limit (LEL) check for any combustibles 
in the floor of the firebox.

Steam purging. An alternative to using ambient air is to purge 
with steam (FIG. 9), which involves injecting steam into the 
base of the radiant section. As this hot steam rises, it pushes 
any combustible gases up through the heater while bringing in 
fresh air through the burner air registers or dampers. However, 
caution must be taken to prevent steam condensation from 
affecting the operation of electronics in or near the heater, such 
as the ignition and flame monitoring instrumentation.

Another way to purge using steam is with a steam educator 
(FIG. 10). Steam is injected into the stack above the damper. As 
the steam rises, it draws air into the bottom of the heater and 
pushes it up through the heater, expelling any combustible gases.

Mandatory purging with a burner management system. 
The most important function for the use of a burner management 
system (BMS) is to prevent the possibility of an accumulation 
of combustible gas within the heater prior to introducing a 
flame inside the heater.10 The issue becomes how to “prove” 
that four to five volume changes have taken place. With a steam 
purge, or a purge using a steam educator, this is possible. If it is 
proven with the stack damper open, and if the flowrate of the 
purge steam is known, it can be determined how long it takes to 
evacuate the air and any combustibles from within the heater. 
With a natural purge, this is not possible. For facilities that lack 
available steam, the next resource is to install a purge fan to 
perform the purge function. With this method and the known 
flowrate of air, the purge time period can be determined. FIG. 11 
shows a typical flow diagram for the mandatory purge using an 
automated burner management system.

These simple and commonsense rules for the safe operation 
of a process heater—keeping the flames in the box and off 
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FIG. 10. Injecting steam into the stack above the damper and utilizing 
a steam educator draws air into the bottom of the heater and pushes it 
up, expelling any combustible gases.
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FIG. 11. A typical flow diagram for a mandatory purge using an 
automated burner management system.
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the tubes, maintaining the process in the tubes, and shutting 
flammables out during lightoff—are not intended to be 
comprehensive, but are designed to be easy to remember, 
particularly for those with less experience in operating process 
heaters. Failure to abide by these four rules can produce serious 
consequences, including personnel injury and equipment 
damage. Companies should have their own detailed processes 
and procedures for operating specific heaters. Heaters must 
be constantly monitored with regular visual inspections both 
inside and outside of the heater. This will help prevent flames 
from exiting the heater, along with the leakage of flammable 
liquids from the process tubes. 
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