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An industrial furnace or direct fired heater, is an _&lball el Jaw S Industrial Furnace elua (il
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type of fuel and method of introducing combustion air. e .3Iaa2 a3 ol el Jaa) 48 )l S5 2684l & 539 duty

However, most process furnaces have some common
features.

Fuel flows into the burner and is burnt with air
provided from an air blower. There can be more than
one burner in a particular furnace which can be
arranged in cells which heat a particular set of tubes.
Burners can also be floor mounted, wall mounted or
roof mounted depending on design. The flames heat up
the tubes, which in turn heat the fluid inside in the first
part of the furnace known as the radiant section or
firebox. In this chamber where combustion takes
place, the heat is transferred mainly by radiation to
tubes around the fire in the chamber. The heating fluid
passes through the tubes and is thus heated to the
desired temperature. The gases from the combustion
are known as flue gas. After the flue gas leaves the
firebox, most furnace designs include a convection
section where more heat is recovered before venting to
the atmosphere through the flue gas stack.

(HTF=Heat Transfer Fluid. Industries commonly use
their furnaces to heat a secondary fluid with special
additives like anti-rust and high heat transfer
efficiency. This heated fluid is then circulated round
the whole plant to heat exchangers to be used
wherever heat is needed instead of directly heating the
product line as the product or material may be volatile
or prone to cracking at the furnace temperature.)
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The radiant section is where the tubes receive almost all its
heat by radiation from the flame. In a vertical, cylindrical
furnace, the tubes are vertical. Tubes can be vertical or
horizontal, placed along the refractory wall, in the middle,
etc., or arranged in cells. Studs are used to hold the
insulation together and on the wall of the furnace. They are
placed about 1 ft (300 mm) apart in this picture of the inside
of a furnace. The tubes, shown below, which are reddish
brown from corrosion, are carbon steel tubes and run the
height of the radiant section. The tubes are a distance away
from the insulation so radiation can be reflected to the back
of the tubes to maintain a uniform tube wall temperature.
Tube guides at the top, middle and bottom hold the tubes in

place.
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The convection section is located above the radiant section
where it is cooler to recover additional heat. Heat transfer
takes place by convection here, and the tubes are finned to
increase heat transfer. The first two tube rows in the bottom
of the convection section and at the top of the radiant
section is an area of bare tubes (without fins) and are
known as the shield section, so named because they are still
exposed to plenty of radiation from the firebox and they
also act to shield the convection section tubes, which are
normally of less resistant material from the high
temperatures in the firebox. The area of the radiant section
just before flue gas enters the shield section and into the
convection section called the bridgezone. Crossover is the
term used to describe the tube that connects from the
convection section outlet to the radiant section inlet. The
crossover piping is normally located outside so that the
temperature can be monitored and the efficiency of the
convection section can be calculated. The sightglass at the
top allows personnel to see the flame shape and pattern
from above and visually inspect if flame impingement is
occurring. Flame impingement happens when the flame
touches the tubes and causes small isolated spots of very

high temperature.
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The burner in the vertical, cylindrical furnace as above, is
located in the floor and fires upward. Some furnaces have
side fired burners, such as in train locomotives. The burner
tile is made of high temperature refractory and is where the
flame is contained. Air registers located below the burner
and at the outlet of the air blower are devices with movable
flaps or vanes that control the shape and pattern of the
flame, whether it spreads out or even swirls around. Flames
should not spread out too much, as this will cause flame
impingement. Air registers can be classified as primary,
secondary and if applicable, tertiary, depending on when
their air is introduced. The primary air register supplies
primary air, which is the first to be introduced in the burner.
Secondary air is added to supplement primary air. Burners
may include a premixer to mix the air and fuel for better
combustion before introducing into the burner. Some
burners even use steam as premix to preheat the air and
create better mixing of the fuel and heated air. The floor of
the furnace is mostly made of a different material from that
of the wall, typically hard castable refractory to allow

Al 5 eall 8 LS Al 1) Al ghauY) () V) dpia )l 8 Aledll a8
Jie duils Led il 585 QY Gane e el ol ()5S
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technicians to walk on its floor during maintenance.

A furnace can be lit by a small pilot flame or in some older
models, by hand. Most pilot flames nowadays are lit by an
ignition transformer (much like a car's spark plugs). The
pilot flame in turn lights up the main flame. The pilot flame
uses natural gas while the main flame can use both diesel
and natural gas. When using liquid fuels, an atomizer is
used, otherwise, the liquid fuel will simply pour onto the
furnace floor and become a hazard. Using a pilot flame for
lighting the furnace increases safety and ease compared to
using a manual ignition method (like a match).

ignition Jadl Jsae ol 3 alY) o328 i pilot a8l Clad alaas
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Sootblower gl &l

gl il

Sootblowers are found in the convection section. As
this section is above the radiant section and air
movement is slower because of the fins, soot tends to
accumulate here. Sootblowing is normally done when
the efficiency of the convection section is decreased.
This can be calculated by looking at the temperature
change from the crossover piping and at the
convection section exit.

Sootblowers utilize flowing media such as water, air or
steam to remove deposits from the tubes. This is
typically done during maintenance with the air blower
turned on. There are several different types of
sootblowers used. Wall blowers of the rotary type are

e 2y il e Auali s 3y @ A e ke il
G5 a4 @l g Jeal) dihie 8 Sootblower zlind) il ok
Cile 31 3 o) Alay il 138 8 <l Sl A8 e S0 ¢ Lady) dilai
G Y e daalal &y Y Jas Ml ¢ dadaiall ods Lo
ol ey 4y 5O Cadanll dlee o) ja) iy . Adlaial oda  oS) gl
ol Jaie 4 Jlaey @l Qs (Kays - deally s ) jall Jii sl

z o5 e b)) all a5 crossover piping ) canld e 5 ) sl
cJaall ki

el sl o el e 3l AL ale aladind e o liad) Al adies
Gl Lesale 5ol e 50 5m sal) 2l el 5 405y s
23a 8 Lo ol sell Adme Jaani 5 ¢l Aualall Dilpal) Ailee oL

18



@il Gl daallae /a g asaill 5 Ao lial) d) B cllad)

mounted on furnace walls protruding between the . .s. Ldasin (Ke ) Zlud) Clail )l fo aal) dllia L ilead)

convection tubes. The lances are connected to a steam
. . . . i . L) Jada o rotar e 5 sl ) U L) el il
source with holes drilled into it at intervals along its = gl e 0555 ytype st o ol

length. When it is turned on, it rotates and blows the +Jead) dakie ol G50k 0 A

soot off the tubes and out through the stack. Bl ezt sl e e L) &g s Lebads xie
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Stack 4idadl)
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The flue gas stack is a cylindrical structure at the top
of all the heat transfer chambers. The breeching
directly below it collects the flue gas and brings it up
high into the atmosphere where it will not endanger
personnel.

The stack damper contained within works like a
butterfly valve and regulates draft (pressure difference
between air intake and air exit)in the furnace, which is
what pulls the flue gas through the convection section.
The stack damper also regulates the heat lost through
the stack. As the damper closes, the amount of heat
escaping the furnace through the stack decreases, but
the pressure or draft in the furnace increases which
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poses risks to those working around it if there are air
leakages in the furnace, the flames can then escape out
of the firebox or even explode if the pressure is too
great.

Insulation is an important part of the furnace because it
prevents excessive heat loss. Refractory materials such
as firebrick, castable refractories and ceramic fiber, are
used for insulation. The floor of the furnace are
normally castable type refractories while those on the
walls are nailed or glued in place. Ceramic fibre is
commonly used for the roof and wall of the furnace
and is graded by its density and then its maximum
temperature rating. For example, 8# 2,300 °F means
8 Ib/ft’ density with a maximum temperature rating of
2,300 °F. The actual service temp rating for ceramic
fiber is a bit lower (i.e. 2300°F is only good to 2145°F
before perm. linear shrinakge). An example of a
castable composition is kastolite or econolite.
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