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Knowing the major parameters that influence 

fired heater design and operations, engineers in 

operating companies can write specifications 

that will enable vendor engineers to design 

heaters better suited to process operations. To 

make a complex subject a bit simpler, this arti-

cle focuses chiefly on the natural-draft heater 

(Fig.1). 

 

A fired heater is an insulated enclosure in 

which heat liberated by the combustion of fuel 

is transferred to a process fluid flowing through 

tubular coils. Typically, the coils are arranged 

along the walls and roof of the combustion 

chamber, where heat transfer occurs primarily 

by radiation; it may also take place via convec-

tion in a separate tube bank. 

 

Although API Standard 665 minimizes the 

problem of incomplete specifications, there are 

no universally accepted codes for designing 

fired heaters comparable to those for heat ex-

changers. Engineers must, therefore, take extra 

care in preparing specifications for fired heat-

ers, so as to avoid losing money through ineffi-

cient energy consumption and excessive down-

time. 

 

(For a comprehensive exposition of fired 

heaters, refer to the four-part series by Herbet 

L. Berman that appeared in the following issues 

of Chemical Engineering: Part-I – Finding the 

basic design for your application, June 19, 

1978, pp.99-104; Part-II – Construction materi-

als, mechanical features, performance monitor-

ing, July 31, 1987, pp.87-96; Part-III – How 

combustion conditions influence design and 

operation, Aug.14, 1978, pp. 129-140; and Part-

IV – How to reduce your fuel bill, Sept.11, 

1978, pp. 165-169). 

 

Conditions Are Basic 

Figure1: Radiant coils line the walls of 
combustion chamber; convection tubes 
are arranged above horizontally. 

 To enable the vendor engineer to 

decide upon design features – such as the 

number of fluid passes, tube coil size and 

material – the process parameters must be 

specified  in detail: including fluid types, 

composition and flow rates: physical proper-

ties (e.g. densities, viscosities and molecular 

weights); fluid inlet and outlet conditions 

(e.g., temperatures, pressures, densities, vis-

cosities and vapor content; and, in the case of 

hydrocarbon fluids, equilibrium-flash-

vaporization data, characterization factors, 

vapor specific volumes at various pressures 

and temperatures, and water, salt, sulfur and 

naphthenic-acid content). The pressure-drop 

limitation must also be stated. 

 

Heat Duty and Fuel Data 

 Rather than leave the calculation of 

the absorbed-heat duty to the vendor engi-

neer, the operating-company engineer can 

specify the design heat load. This should be 

done with due regard for the fouling of any 

upstream heat exchanger expansions, and 

general design philosophy. One prevalent 

design norm is to add 10% of any upstream 

exchanger’s heat duty to the calculated heater 

duty. 

 

Knowing whether the fuel to the burners 

will be oil or gas and what its composition 

(e.g., C/H ratio, sulfur, inerts and ash) and 

lower heating value (LHV) will be, the de-

signer can properly size the heater. Specify-

ing the fuel pressure, temperature and viscos-

ity will help the burner engineer to select and 

size the fuel guns correctly. The consumption 

of, and differential-pressure required for, the 

atomizing steam varies with fuel viscosity. 

Burner turn down can be predicted if the fuel 

oil and steam pressure varies with fuel vis-

cosity. Burner turn-down can be predicted if 

the fuel oil and steam pressures are available. 
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The heat duty in the radiant section of a well-designed heater represents more than 60% to 

70% of the total heat duty. 

Contaminants in the fuel oil need to 

be specified because these have a direct 

bearing on the selection of tube support 

materials for the radiant and convection 

sections of the heater.  If substantial quan-

tities of vanadium, or vanadium and so-

dium combined, are present, the tube sup-

ports and guides in these sections should 

be of 50% chromium- 50% nickel. Nor-

mally, the chromium and nickel contents 

of tube-support stainless-steel structures 

are 25% chromium and 20% or 12% 

nickel. 

 

Sulfur in the fuel leads to the forma-

tion of sulfur trioxide during combustion. 

As the flue gas cools down, the sulfur tri-

oxide condenses.  

  

 Normally, it is the heart de-

signer’s responsibility to avoid flue gas 

condensation in the heater. The flue gas 

dew point can be predicted, and the mini-

mum tube-metal temperature can be kept 

high enough to prevent condensation, if the 

fuel’s sulfur content has been correctly 

stated. (For estimated flue gas dew points 

with respect to sulfur content in fuel oil 

and gas, see Fig.2). 

 

Although the burner vendor is respon-

sible for proper combustion and flame 

pattern with a particular fuel, the purchaser 

engineer should specify excess air, on the 

basis of experience. For design and effi-

ciency calculations, the standards are: for 

natural-draft heaters – 20% excess air with 

fuel gas and 30% with fuel oil; for forced-

draft heaters – 15% and 20%, respectively. 

 

Ambient-air temperatures (maximum, 

normal and minimum), altitude above 

mean sea level, and stack-height require-

ments should be specified. Any plot limita-

tions must be indicated. Plot layout will 

govern the type of the heater selected and 

its mode of fabrication and erection. 

 

Radiant Heat Flux 
 This parameter governs heater 

design to a great extent. Specifying flux 

density, on the basis of experience, con-

strains the designer to providing a mini-

mum radiant heat-transfer surface in the 

firebox. A higher radiant flux translates 

into less heat-transfer surface area for a 

given heat duty: hence, a smaller furnace. 

In a well-design heater, the radiant-section 

heat duty should represent more than 60% 

to 70% of the total heat duty, and the 

bridgewall temperature should range be-

Figure 2: Knowing maximum flue gas dew-
point, operator can keep tube-metal tem-
perature high enough to prevent conden-
sation of sulfur trioxide. 

tween 800oC to 1000oC. 

 

The calculated maximum radiant flux 

has a direct bearing on fluid-film and tube-

metal temperatures. This flux ranges from 

1.70 to 1.85 times the average radiant flux, 

for radiant tubes specified at two nominal 

diameters and fired from one side. The 

higher the film temperature, the greater is 

the tendency of the fluid (particularly a 

hydrocarbon) to crack and deposit a layer 

of coke. Heat-transfer fluids tend to de-

grade quickly at high film temperatures. 

The coke layer acts as an insulator, retard-

ing heat transfer, which could cause tube 

overheating and lead to tube failure. Also, 

a heavy coke deposit can restrict the flow 

through the coil, lowering the inside heat 

transfer co-efficient and further increasing 

the tubewall temperature. Maximum film 

and bulk temperatures of fluids that tend to 

crack or degrade should be specified by the 

purchaser. 

 

To be competitive, a furnace vendor 

will normally base a price quotation on the 

smallest firebox suitable for the service. 

This is fine if the heater will always be 

fired with the burners properly cleaned and 

adjusted, and with heat liberation not ex-

ceeding the maximum specified at any 

time. Because of their complexity, process 

heaters will not be firing at optimum con-

ditions all the time. The flame impinge-

ment and consequent tube failure that 

could result can be avoided by specifying a 

minimum safe distance between burners 

and tubes, based on experience. (See Table 

I for general guidelines) 

 

Other parameters that should be lim-

ited are the height-to-diameter ratio of the 

firebox in vertical cylindrical heaters, and 

the height-to-width ratio of the firebox in 

cabin heaters. (See Fig. 3 for a diagram of 

a twin cell cabin heater.) These ratios have 

an important bearing on heater design and 

economics. 

 

A tall, narrow heater is more eco-

nomical, but the radiant heat flux in it may 

be poorly distributed because the radiant 

tubes in the lower-half part may be facing 

a very high radiant heat flux. For a more-

uniform flux loading in the tubes, the 

height-to-diameter or width ratio should 

fall between 1.5 and 2.75, with the deci-

sion left to the designer. In general, a rea-

sonable oversizing of a firebox represents 

an inexpensive investment for less down-

time and lower maintenance costs, as well 

as capacity enhancement. 

 

Coil Material and Thickness 
 The specification of coil material 

and size, and minimum corrosion resis-

tance, should be based on operating experi-

ence. Coil material selection will depend 

on the operating temperature and fee char-

acteristics, particularly with regard to cor-

rosion. 

 

Material specifications should be 

based on ASTM standards. Tubewall 

thickness is directly related to tubewall 

temperature and design pressure. Tube 

thickness should be determined in accor-

dance with procedures in API-RP-530, 

with the practical limit to minimum thick-

ness being Schedule 40 pipe. All tubes 

should be seamless and preferably continu-

ous. The maximum tube length should also 

be specified. This normally falls between 

60 ft and 100 ft for horizontal tubes, and 

between 60 ft and 65ft for vertical ones. 

 

Two Parts of Convection Section 
 The first part of the convection 

section is known as the shock or shield 

section. It is followed by the extended-

surface-convection section. Normally, the 

first tube rows, which are bare tubes, 

shield the extended-surface section. These 

tubes receive heat by radiation and by 

convection. 

 

Extended surfaces come in a variety 

of shapes: continuous fins, serrated fins, 

round studs, elliptical studs, etc. Studs are 

attached to the tube by arc or resistance 
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welding. Finned tubes are mostly installed 

in heater fired with gas or light oils, and 

studded tubes are set in the convection 

section of heaters fired with heavy residual 

fuels. 

 

Another approach to sizing the con-

vection section is to restrict the maximum 

convection heat flux to 20,000 to 25,000 

Btu/h, based on bare-tube area. The fin or 

stud material should be selected on the 

basis of the calculated maximum tip tem-

perature. (See Table II for typical allow-

able values.) Space should be left at the top 

of the convection section for the addition 

of two rows of tubes. If soot severely fouls 

the convection surface, it should be re-

moved by blowers – rotary blowers if the 

fuel-oil ash content is low and the flue-gas 

temperature is below 600oC. 

 

 

Burners Set Efficiency 
Heater performance depends directly on 

burner performance. Therefore, special 

care should be observed in specifying the 

number and type of burners. Too few burn-

ers reduce the operation and maintenance 

load. Too many increase the size and cost 

of the heater. As a general rule, a mini-

mum of three burners should be provided 

in a heater operating continuously, so that 

the heater could function at full load even 

if one of the burners were taken out of 

operation. 

 

The burner type will depend on whether 

the design engineer selects a forced-draft or 

natural draft heater. For the first, the heat 

liberation per burner should be limited to 7 to 

8 million Kcal/h, and for the second to 3 to 4 

million Kcal/h, to ensure manageable flames 

in the firebox. The burner should permit lim-

iting the quantity of excess air to less than 

that used by the heater designer for establish-

ing heater efficiency. Burners having con-

tinuously burning gas pilots should normally 

be specified. 

 

Refractory Limits Heat Loss 
Refractory lining contains the heat generated 

and minimizes heat loss. All heater walls are 

insulated with a light weight insulating con-

crete or a hot face-insulating firebrick backed 

by insulting block. Ceramic fiber is now also 

an insulating material. 

 

The thickness of the refractory lining is 

normally determined by the heater vendor, 

based on the purchaser’s specification of the 

cold-face temperature. A temperature that is 

too low will result in a very thick refractory, 

and one that is too high in excessive heat 

Figure 3: Radiant-section tube coils are arranged horizontally in double-celled cabin 
heater so as to cover walls and roof of the combustion chamber 

loss. A value accepted as optimum is 50oC to 

60oC higher than ambient. A maximum radi-

ant heat loss, a function of the cold-face tem-

perature and ambient conditions, should be 

specified by the purchaser. This is usually 

set as 2% for heaters of larger than 10 mil-

lion Kcal/h duty, and can be as high as 5% 

for smaller heaters. 
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Sizing the Flue Gas Stack 

A heater stack must be large enough to han-

dle the maximum amount of flue gas as pro-

duced. Stacks are normally sized to provide a 

negative pressure of 0.05 to 0.10 in.W.C. 

under all operating conditions with a design 

20% to 25% overloading of excess air. 

 

One stack should be provided for each 

40-ft length of convection tube. Most heater 

stacks mounted on top of the convection 

section are self supporting. The flue gas ve-

locity from  

the stack at design operating conditions 

should be between 25 to 40 ft/s, to prevent 

inversion. 

 

Stacks are mostly fabricated of steel 

plate of a minimum 6-mm thickness, and 

lined with 50-mm insulating castable if the 

Good Heater Specifications Pay Off 
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heater has a convection section, and with 75-

mm insulating castable if the heater is all 

radiant. Only one butterfly damper regulates 

the heater draft, if the stack’s diameter is less 

than 4 ft. larger stacks are equipped with 

multi-louvered dampers. Damper plate mate-

rial is usually 18% chromium, 8% nickel 

stainless steel. For safety, total closure of the 

dampers should not be possible. 

 

Specifying instrumentation 
Refer to Fig. 1 and Fig. 3 for an idea of the 

typical instrumentation required on a heater, 

which should be provided with nozzles and 

connections for monitoring and control pur-

poses. 

 

For each radiant section, a minimum of 

two draft gages should be located at each 

burner – at the radiant section exit, and in the 

convection immediately after the final proc-

ess or utility coil.  

One draft gage should also be located 

upstream of the stack damper, and another 

downstream of it. If the burners are forced-

draft, draft gages should also be placed in the 

burner windbox. Locate all draft  gages on a 

local panel at grade near the stack damper 

control mechanism. 

 

There should be two thermocouples at 

each radiant section outlet, two others in the 

breeching at the convection section outlet, 

and one in each stack, just below the damper. 

Thermowell connections should be specified 

for process-fluid coils at the inlet, outlet and 

crossovers of each radiant-tube pass. For 

processes prone to coking, at least one tube 

skin thermocouple is usually specified in 

each pass. The thermocouples are attached to 

the tubes facing the flame.  

 

For flue gas sampling to determine excess 

air level, connections are need at the exit of 

each radiant section and convection section. An 

oxygen analyzer is, of course, a vital instrumen-

tation component. 

 

Miscellaneous Considerations 
Steam snuffing connections are needed in the 

radiant firebox, the convection  

section and in each header box. The number and 

sizes of the connections should be adequate to 

quickly purge the heater. Snuffing steam supply 

can be based on the requirements of 8 lb/h per 

cubic feet of furnace volume. 

 

Each coil pass, as well as the header boxes 

in the convection and radiant sections, should 

have a low point drain. The number of peep-

holes should be sufficient to permit viewing all 

the tubes and burners in the radiant section. The 

openings are flared to attain a wide viewing 

angle. One or two access doors, at least 24 in. 

square, should permit entry into each combus-

tion chamber. Another door is needed in the 

stack breeching of access to the stack damper 

and convection section. One tube removal door 

should be located in the arch of each vertical 

tube heater. 

 

Platforms are needed for access to the 

hearth level for operation and control of burn-

ers, to both ends of the convection section, and 

to the soot blower. The platforms should be at 

least three feet wide. All observation doors 

should also be provided with platforms. A small 

platform with a ladder should permit operating 

and repairing the stack damper. 


