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The inner chamber...

The refractory materiol that makes tp a combustion chamber has to withstand
temperatires as high ax 4700° F. Inspection and preventative maintenance are

essential for proper operation and saféty.

oilers and furnaces are constructed with

a high temperanee nsulation known as fe-

Sfractory; this material insulates the area
in these appliances thal s exposed Lo the burner
flame.

Refractory is necessary because the tempera-
tures developed in combustion can exceed the
melting point of steel®. Without this refractory in
its proper place. overheating of the metal of the
heal exchanger or
SR Doiler components can

result in damage to the

Y i Sy St
Rl 3 In addition, soot
KE)‘? 4 progduction and inter-
J .04 ference with combus-
- Ulﬁg&}'}yi tion product flow
ﬁﬂlﬂljj often result due w fall-

en or impropecly posi-
tioned refractory.

REACTIVE AND

Uusarialul PppyvenTATIVE
Usur MAINTENANCE

An ol company's ser-
vice plans include
Many malenance ac-
tions, These mainte-
nance activities are
designed o make sure
that a combustion ap-
pliance operates sulely
and efficiently and for
a5 long as possible,
Reactive Mainte-
nance 15 maintenance that is performed after a
failure occurs, Examples of this include clearing a

*Ediors note: 1020 sieel has a malting point around
1500°C, or 2732°F, alihough this cen wvary somewhat
depanding on what lype of steel 8 used.

boiler that has plugeged with sool or fixing a leak-
ing gasket.

Preventative Mainlemance 15 maintenance that
is perfonmed to avoid a more serious catastroph-
ic failure. An example of this would be the re-
placement of oil fillers and nozzles on an oil
burner svatem anmually.

Prevenative maintenance actions are nol limited
to the “repair/itemn change™ realm only. A crucial
clement of the prevemative maintenance aclion 15
in the visual assessment of the condition of the
appliance.

Visteal fnspeciion is vital w identify the need
for replacement of certain components BEFORE
Failure pocurs.

To prevent an unexpected-appliance failure, the
service technician should wse their best judgment,
idenlly based on experience with past failures of
similar components; this must be & part of pre-
veniative maintenance actions,

Desien oF

COMBUSTION CHAMBER REFRACTORY

The temperature of combustion can approach
4000 F, which is above the melling point of
steel and cast iron, the materials used to con-
struct boilecs and fumace heat exchangers. Com-
bustion chambers are capable of also acting as
“heat sinks™ or “Reservoirs of Heat™; this pro-
vides additional energy o the medium being
heated, allowing longer periods beiween burner
firings duning the heating operation,

The two maierials that have tradionally been
used 1o manufacture Combustion Chamber re-
fractory material are Firebrick and Ceramic Fi-
ber,

Firebrick was the first refractory used and was
later replaced by Insulating Firebrick, which had
more advangeous properties, Initially, firebrick
was made with asbestos.

Today, the use of ceramic [iber combustion
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chamber refractory 18 used extensively. Some
ceramic materiel can withstand tempernfures

as high as 4700°F and chambers made of

these types of materials are available in
shapes that allow any appliance’s combustion
chamber to be adequately protected.

Chamber design and size must be coordinated
with the flame pattern of oil bumner equipment,
mainly in the selection of noezle stze and pump
pressure, if the system is to operate efficiently
and safely. Because of this, ceramic fiber refrac-
tory “kits” are constructed in varving sizes and
shapes to fil any number of furnace and boiler
chamber designs.

Causes oF FaiLure
Combustion chamber
refractory is damaged
by the effects of ero-
sion, confinual expan-
sion/contraction and
fatigue. Additionally,
water contact will af-
fect the mtegrity of re-
fractory matenal,

The environment in
which this refractory
aperates is one that
fuctuates from ambicnt
fo eéxireme lempera-
fures. A burner stop-
ping and starting will
deliver a high-velocity

airflow of hot combustion gases over the
surface of the refractory thousands of times
in a few heating seasons, The chamber re-
fractory  must maintain its thickness m order
to insulate properly, and maintain s rigidity
in order 10 retain 1ts structune

Service LiFe

There are various factors affecting the life of a
combustion chamber refractory. These include
initial design, bumer setting and adjustment
{flame impingement quickly crodes refractory)
and nozzle size. Some chambers have seen over
20 vears of service and others fail in as shoit as
SEVEN YCars,

Mainrenance Damace
Damage to refractory can also result from cheun-
ing instruments striking the chamber. Care also
must be tken to insure thot the liner is not dam-
aged during service intervals

A service techmicion’s duties should include a
visual examination of the refractory to determing
that it has not been damaged and is still copable
of continued service.

VisuaL INSPECTION AND OTHER
INDICATORS OF IMPENDING FAILURE

The life span of a chamber refractory structurc
can vary from appliance o appliance. To identify
if the refractory is in need of replacement before
total failure occurs and 1o predict the ability of
refractory 10 survive the upcoming healing sea-
son, the following charncteristics should be ac-
cessed at service intervals:
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Chamber damoged by cleaning fook

Surface cracks: The first indication of ceramic
fiber chamber matenal deterioration is indicated in
the development of surface cracks. These are of-
ten concentric in pattem and moreé mimerous on
the target wall arca,

Thinning: Thinning of refractory is an indication
of a limitation of the remainder of s useful life. In
the event that the thickness of the relractory is
reduced significantly, the refractory should be re-
placed. Particular atention should be paid 1o the
rear wall (target wall) area of the chamber, IF
crater-like depressions (spalls) of any depth are
seen in the reffactory, this is an indication that im-
pingement of the Mame 1o the liner s occurming
and that the refractory should be replaced.

Shrinking/Sagging: As refractory fibers break
due to continual expansion and contraction, the
structural integrity of the refractory shape will be-
gin to fail. Warping and shrinkage of the cham-
ber will result—a precursor 10 the ¢hamber

Surface cracks on caramic oer rafiactony
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The inner chamber...

falling apart entirely.

Gasket leakage in dry base boilers al
chamberheat exchanger interlace: Dy
base boilers depend on the condition
of the combustion chamber refractory
since its integrity is the only component
conlaining combustion gases. An early
indication of dry base boiler chamber
failure is leakape of combustion gases
al the Gap/Seal between the combius-
tion chamber and the boiler's heat ex-
changer,

EFFeCTs OF FAILED COMBUSTION
CHAMBER REFRACTORY

When the refractory fails, a number of undesir-
alrle effects can be realized. These include:

SoovFires: Fires—as well as soot discharges
into homes—have resulted from failed combus-
tion chamber refractory. This s why the condi-
tion of this component is vital to insure that an
appliance will operate safcly for the upcoming
heating season.

Missing and out of position refractory: If re-
fractory falls [rom its intended wall within the ap-
pliance, the space where the burner Mame is
suppased 1o be positioned will now be “ghared”
with the flame
and a portion
of the refrac-
tery, This will
cause flame
distortion and
sood produc-
tion. A pro-
longed period
of operating
the appliance
in this condi-
tion will result
in  eventual
plugging of @
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furnace or beiler and soot discharge nto the
structure. This can occur in either oil or gas fired
appliances.

Flame impingement induced overheating: Failed
refractory will allow the bumer flame 1o eontact
the steel components of a forced hot air heat ex-
changer or a boiler’s combustion chamber com-
ponents.

When this happens, the bumer flame tempera-
ture exceeds the temperature of the melting point
of the sicel. This in turn causes the heat ex-
changer to fiil in what is called a Flame Jm-
pingement Failure.

Ottier damage: In addition to wear and tear,
refractories also can be damaged by improperly
sized nozzles or by cleaning nstrumenis during
servicing.

Repair vs. APPLIANCE
RepLACEMENT OPTIONS
The service technician’s responsi-
bility when performing preventative
maimenance on a boiler or fumace
is to exercise professional judpe-
ment in determining if the applance
can operate for the foresecable fu-
ture in a safe manner. Assessment
of a combustion chamber's refrac-
tory is & maintenance action a ser-
vice technician should be
expecied 1o do,

Often, the need to replace the
appliance rather than replace the
chamber is something that must be

seriously considered. Refractory Kits
range from 330 1o $100 in cost and
labor in mest residential appliances
and can take from one to five hours,
depending on design. When this is
weighed against the cost of replacing
the appliance, refractory replacement
becomes a wonthwhile maintenance
action—as long as no other problems
with the appliance exisL

RESPONSIBILITY FOR SAFETY...
The mtegrity of the combustion cham-
ber refractory is vital 1o the safe oper-
ation of a boiler or furnace. Since
containment of the products of com-
bustion can cause [ire, injury or eéven
death. accurate asscssment of this
component is an ImMportant preventa-
tive maintenance action item during
yearly servicing.

Allowing a boiler or fumace with a
combustion chamber that needs re-
placement to “run until something actually
breaks"—also known as Reactive Muinte-
mance—can result in premature failure and un-
necessary replacement of the entire appliance,
Additionally, sool damage can occur 1o homes
as a result of an appliance flame impingement
hole or fireside soot plugging due to the bumer
flame striking a fallen refractory,

Finally, common sense should prevail. When
examining the condition of a chamber, consider
the visual indicators of wear and tear and the
age of the refractory. Always err on the side of
safety and “if in doubt... change it out!”

For additional information, contact the author
at I1SE, P.O. Box 2626, Aulebore Falls, MA
02763; (508) 226-8800: Fax: (508) 226-RER0,
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