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BUILDING CODES & STANDARDS
for FUEL OIL

North Carolina Building Codes:
Residential, Mechanical & Fire Protection
Chapters.

Underwriters Laboratories (UL) Standard
for Safety UL 296 Oil Burners, UL 80, UL
142, & UL 58 for heating olil tanks.

National Fire Protection Association
(NFPA) Pamphlet 31, Installation of Oil-
Burning Equipment.



BUILDING CODES for FUEL OIL
UL-80 Standard for Steel Tanks for Oil-Burner

Fuels and Other Combustible Liquids

These requirements cover steel primary, steel secondary, and
steel diked type atmospheric storage tanks from 60 to 660 gallons
iIntended primarily for the storage and supply of heating fuels for
oil burning equipment, ein abo

These tanks are intended for installation and use in accordance
with the Standard for the Installation of Oil-Burning Equipment ,
NFPA 31, the Flammable and Combustible Liquids Code,
NFPA 30, the Code for Motor Fuel Dispensing Facilities and
Repair Garages, NFPA 30A, and the International Fire Code
(IFC). (INSIDE TANKS ONLY PER IFC)




BUILDING CODES for FUEL OIL

UL-58 Standard for Steel Underground Tanks for

Flammable and Combustible Liquids

This Standard covers horizontal atmospheric-type steel
tanks for the storage underground of flammable and
combustible liquids. Covers single wall tanks, secondary
containment tanks, multiple compartment single wall and
multiple compartment secondary containment tanks.

These tanks are intended for installation and use In
accordance with NFPA 31, NFPA 30, NFPA 30A,
and International Fire Code (IFC)

This Standard does not cover corrosion protection which
may be required by local, state or federal authorities.
Corrosion protection systems installed at the factory on
carbon steel underground storage tanks are covered in UL
1746, External Corrosion Protection System for Steel
Underground Storage Tanks



BUILDING CODES for FUEL OIL
UL-142 Standard for Steel Aboveground Tanks for

Flammable and Combustible Liquids

Requirements cover steel primary, secondary and diked
type atmospheric storage tanks intended for noncorrosive,
stable flammable and combustible liquids that have a specific
gravity not exceeding 1.0 in aboveground applications.

Each tank type may be fabricated in a combination of
various shapes (cylindrical, rectangular or obround) and
orientations (horizontal, vertical) with or without multiple
compartments, as covered in this Standard.

These tanks are intended for installation and use in accordance
with NFPA 30: NFPA 31: NFPA 30A: and the International Fire
Code.



BUILDING CODES for FUEL OIL

A 2080 Standard for Fire Resistant Tanks for
Flammable and Combustible Liquids

A 2085 Standard for Protected Aboveground
Tanks for Flammable and Combustible Liquids

ASU2258-Heat i ng O1 |I-Mdtaalklsi c

A UL 1316-Fiberglass Heating Oil Tanks for
Underground installation

Rarely used in Heating Oil Storage Tank
Applications.
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BUILDING CODES for FUEL OIL

NFPA 30: Flammable and Combustible Liquids
Code: This code shall apply to the storage,
handling, and use of flammable and combustible
liguids, including waste liquids as defined and
classified.

This code shall not apply to the following:..(8)*
Storage, handling, and use of fuel oil tanks and
containers connected with oil-burning equipment

See A.1l.1.1



BUILDING CODES for FUEL OIL

A NFPA 30: Flammable and Combustible Liquids
Code:

NFPA 30 defers to NEPA 31, Standard for the Installation of Oul-Burning Equipment, for fuel
o1l storage tanks when the tanks are nside a building. NFPA 31 refers back to NFPA 30 for
fuel o1l storage tanks that are buried or are located outside the building, above ground.
Historically, the installation of fuel o1l storage tanks 1n buildings to supply fuel to oil-burning
appliances has proved to be safe. Although NFPA 31 1s the only document referenced in
A.1.1.2(8), this exemption applies just as well to fuel tanks installed inside a building under
NEPA 37, Standard for the Installation and Use of Stationary Combustion Engines and Gas
Turbines. See 1.5.3 and the reference to NFPA 37 in 1.5.3(9).
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BUILDING CODES for FUEL OIL

NFPA 30A: Code for Motor Fuel Dispensing
Facilities and Repair Garages

This code shall apply to motor fuel dispensing
facilities; marine/motor fuel dispensing facilities;
and motor fuel dispensing facilities located
Inside buildings, at fleet vehicle motor fuel
facilities, and at farms and isolated construction
sites. This code shall also apply to motor vehicle
repair garages.

11



BUILDING CODES for FUEL OIL

NFPA 31: Standard for the Installation of Oll-

Burning Equipment

This standard shall apply to the installation of
stationary oil-burning equipment and appliances,
Including but not limited to industrial-, commercial-,
and residential-type steam, hot water, or warm air
heating plants; domestic-type range burners and
space heaters; and portable oil-burning equipment.

This standard shall also apply to all accessory
equipment and control systems, whether electric,
thermostatic, or mechanical, and all electrical wiring
connected to oil-fired-equipment.
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BUILDING CODES for FUEL OIL

NFPA 31: Standard for the Installation of Oll-

Burning Equipment

This standard shall also apply to the installation of
oil storage and supply systems connected to oll
fired equipment and appliances.

This standard shall also apply to those multi-fueled
appliances in which fuel oll is one of the optional

fuels.

This standard shall not apply to internal combustion engines, oil
lamps, or portable devices not specifically covered in this
standard. (See Chapter 11 for portable devices that are covered In
this standard.)

13



BUILDING CODES for FUEL OIL

NFPA 31: Standard for the Installation of Oll-
Burning Equipment
7.4 Installation of Underground Tanks (including
Buried Tanks Under Buildings). (Up to 35,000 gals.
limit)
7.4.5 The distance from any part of the tank to
the nearest wall of any basement, pit, or property
line shall not be less than 1 ft (0.3 m).
/.4.11 An underground tank shall be provided with
means for gauging. (See Section 8.8.)

14



BUILDING CODES for FUEL OIL

NFPA 31: Standard for the Installation of Oil-
Burning Equipment
7.5 Installation of Tanks Inside Buildings.

7.5.6 A maximum of 660 gal (2500 L) of storage tank capacity
shall be permitted to be installed on a higher floor provided the
following conditions are met:

7.5.8 Tanks of a capacity between 10 gal and 1320 gal shall not
be placed within 5 ft horizontally from any source of heat, either In
or external to any liquid fuel burning appliance, unless separated
from the source of heat by a barrier having a 1-hour fire resistance
rating extending horizontally at least 1 ft (0.3 m) past the oil burner
or oil tank, whichever is greater, and extending vertically from floor
to celling.

15



BUILDING CODES for FUEL OIL

NFPA 31: Standard for the Installation of Oil-

Burning Equipment
7.5.9 A tank of a capacity between 10 gal and 330 gal that is provided with
an opening in the bottom for use as an appliance supply connection or as a
drain shall be arranged as follows:
(1) The tank shall be pitched toward the opening with a slope of not less than
lu4 in. for every 5 ft of | ength.
(2) The supply line shall be provided with a readily accessible, thermally
operated spring-loaded shutoff valve installed as close as practical to the tank.
(See also 8.6.4.)
(3) A properly sized and rated oll filter or strainer shall be installed in the oll
supply line to an oil burner immediately after the thermally operated spring-
loaded shutoff valve required by 7.5.9(2).
(4) Where three or more tanks are installed as part of a fuel storage system,
each burner supply line shall be provided with a readily accessible oil safety
valve.

16



BUILDING CODES for FUEL OIL

NFPA 31: Standard for the Installation of Oil-
Burning Equipment

7.9 Installation of Outside Aboveground Tanks.

7.9.2 A tank or tanks whose capacity does not exceed 660 gal

shall be permitted to be installed outside of and adjacent to a building, provided
they are separated from the nearest line of adjoining property by the
following minimum distance:

(1) 5 ft for tanks not exceeding 275 gal capacity

(2) 10 ft (3 m) for tanks greater than 275 gal capacity, but not exceeding 660

gal capacity

7.9.3 A tank or tanks whose capacity exceeds 660 gal shall be installed in

accordance with all applicable requirements

of NFPA 30, Flammable and Combustible Liquids Code.

7.9.4 Outside aboveground tanks and their appurtenances and supports
shall be protected from external corrosion.

17



BUILDING CODES for FUEL OIL

NFPA 31: Standard for the Installation of Oil-

Burning Equipment
7.9.5 Cross-connection of two tanks to the same burner or the same group
of burners shall be permitted. The tanks shall be permitted to have a single fill
pipe and a single vent and shall be rigidly secured to a common slab or
foundation.
7.9.6 Tanks shall be securely supported by rigid noncombustible supports
to prevent settling, sliding, or lifting.
7.9.7 Each oil burner supply line connected to the gravity feed connection
of the supply tank shall be provided with a shutoff valve at the tank.
7.9.7.1 Where this supply line passes through a foundation immediately
Inside the building, a readily accessible thermally operated spring-loaded valve
shall be installed before the oll filter.

7.9.9 Each tank shall be provided with a means to determine
the liquid level. (See Section 8.8.)

18



BUILDING CODES for FUEL OIL
North Carolina Department of Insurance

1201 Mail Service Center

Raleigh, NC 27699-1201

800-546-5664 1 NC Toll Free Only

web site: http://www.ncdoil.com/

Office of the State Fire Marshal (OSFM)
322 Chapanoke Road, Suite 200

Raleigh, NC 27603

919-661-5880 or (800) 634-7854 (NC Toll Free

Only) web site:
http://www.ncdoi.com/osfm/Default.asp

19
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BUILDING CODES for FUEL OIL

Building Codes online: The Engineering and
Codes Division is comprised of the following
sections: Interpretations, Enforcement Service,
Evaluation Services, , Home Inspectors Licensing
Board and Private Plan Review. This page
contains menus and links to assist you with NC
Building Code Council, NC Code Official
Qualifications Board and NC Home Inspectors
Licensing Board as well as Staff information.

WEB SITE-
http://www.ncdoi.com/OSFM/Engineering and Codes.aspx

20
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BUILDING CODES for FUEL OIL

NC FIRE CODE:-Chapter 34

3401.2 Non applicability. This chapter shall not
apply to liquids as otherwise provided in
other laws or regulations or chapters of this
code, 1 ncluding: é

3. Storage and use of fuel oil tanks and
containers connected to oil-burning
equipment. Such storage and use shall be in
accordance with Section 603. For
abandonment of fuel oil tanks, this chapter
applies.

21



BUILDING CODES for FUEL OIL
NC FIRE CODE:-Chapter 34

3404.2.13.1.4 Tanks abandoned in place.
Tanks abandoned in place shall be abandoned as follows:

1. Flammable and combustible liquids shall be removed from the tank
and connected piping. 2. The suction, inlet, gauge, vapor return and
vapor lines shall be disconnected. 3. The tank shall be filled completely
with an approved, inert solid material.

Exception: Residential heating oil tanks of 1,100 gallons (4164 L) or less,
provided the fill line is permanently capped or plugged, below grade, to
prevent refilling of the tank.

4. Remaining underground piping shall be capped or plugged.

5. A record of tank size, location and date of abandonment shall be
retained.

22



BUILDING CODES for FUEL OIL
NC FIRE CODE: Chapter 6

603.3 Fuel oil storage systems.

Fuel oil storage systems shall be installed in accordance
with this code. Fuel oil piping systems shall be installed in
accordance with the International Mechanical Code.

603.3.1 Maximum outside fuel oil storage above ground.
Where connected to a fuel-oil piping system, the maximum
amount of fuel oil storage allowed outside above ground
without additional protection shall be 660 gallons. The
storage of fuel oil above ground in quantities exceeding
660 gallons shall comply with NFPA 31.

23



BUILDING CODES for FUEL OIL
NC FIRE CODE: Chapter 6

603.3.2 Maximum inside fuel oil storage.

Where connected to a fuel-oil piping system, the maximum
amount of fuel oil storage allowed inside any building
shall be 660 gallons. Where the amount of fuel oil stored
Inside a building exceeds 660 gallons, the storage

area shall be in compliance with the International Building
Code.

603.3.3 Underground storage of fuel oil.

The storage of fuel oil in underground storage tanks shall
comply with NFPA 31.

24



BUILDING CODES for FUEL OIL

NC FIRE CODE:-Chapter 34

3404.2.13.2 Above-ground tanks

3404.2.13.2.2 Out of service for 90 days. Above-ground tanks not used
for a period of 90 days shall be safeguarded in accordance with Section
3404.2.13.1.2 or removed in accordance with Section 3404.2.14.
Exceptions: 1. Tanks and containers connected to oil burners that
are not in use during the warm season of the year or are used as a
backup heating system to gas.

3404.2.13.2.3 Out of service for 1 year. Above-ground tanks that have
been out of service for a period of 1 year shall be removed in accordance
with Section 3404.2.14.

Exception: Tanks within operating facilities.

25



BUILDING CODES for FUEL OIL

NC MECHANICAL CODE: Chapter 13
FUEL OIL PIPING AND STORAGE, SECTION 1309 OIL
TANKS FOR ONE-AND TWO-FAMILY DWELLINGS AND

TOWNHOUSES

1309.1 Materials. Supply tanks shall be listed
and labeled and shall conform to UL 142 for
aboveground tanks, UL 58 for underground
tanks, and UL 80 for inside tanks.

26



BUILDING CODES for FUEL OIL

NC MECHANICAL CODE: Chapter 13
FUEL OIL PIPING AND STORAGE, SECTION 1309 OIL
TANKS FOR ONE-AND TWO-FAMILY DWELLINGS AND
TOWNHOUSES

1309.2 Above-ground tanks. The maximum
amount of fuel oil stored above ground or
inside of a building shall be 660 gallons. The
supply tank shall be supported on rigid
noncombustible supports to prevent settling
or shifting.

27



BUILDING CODES for FUEL OIL

NC MECHANICAL CODE: Chapter 13
FUEL OIL PIPING AND STORAGE, SECTION 1309 OIL
TANKS FOR ONE-AND TWO-FAMILY DWELLINGS AND
TOWNHOUSES
1309.2.1 Tanks with buildings.

Supply tanks for use inside of buildings shall

be of such size and shape to permit installation
and removal from dwellings as whole units. Supply
tanks larger than 10 gallons shall be placed not
less than 5 feet from any fire or flame either within
or external to any fuel-burning appliance.

28



BUILDING CODES for FUEL OIL

NC MECHANICAL CODE: Chapter 13
FUEL OIL PIPING AND STORAGE, SECTION 1309 OIL
TANKS FOR ONE-AND TWO-FAMILY DWELLINGS AND
TOWNHOUSES

1309.2.2 Outside above-ground tanks.

Tanks installed outside above ground shall be
a minimum of 5 feet from an adjoining
property line. Such tanks shall be

suitably protected from the weather and from
physical damage.

29



BUILDING CODES for FUEL OIL

NC MECHANICAL CODE: Chapter 13
FUEL OIL PIPING AND STORAGE, SECTION 1309 OIL
TANKS FOR ONE-AND TWO-FAMILY DWELLINGS AND

TOWNHOUSES

1309.3 Underground Tanks. Excavations for
underground tanks shall not undermine the foundations of
existing structures. The clearance from the tank to the nearest
wall of a basement, pit or property line shall not be less than 1
foot (305 mm). Tanks shall be set on and surrounded with non-
corrosive inert materials such as clean earth, sand or gravel
well tamped in place. Tanks shall be covered with not less
thanl foot (305mm) of earth. Corrosion protection shall be
provided in accordance with section 1309.8.

30



BUILDING CODES for FUEL OIL

NC MECHANICAL CODE: Chapter 13

FUEL OIL PIPING AND STORAGE, SECTION 1309 OIL

TANKS FOR ONE-AND TWO-FAMILY DWELLINGS AND

TOWNHOUSES

1309.4 Multiple tanks. Cross connection of two
supply tanks shall be permitted in accordance
with Section 1309.7.

1309.5 OIil Gauges. Inside tanks shall be
provided with a device to indicate when the oll
In the tank has reached a predetermined safe
level. Glass gauges or a gauge subject to
breakage that could result in the escape of oil
from the tank shall not be used. "




BUILDING CODES for FUEL OIL

NC MECHANICAL CODE: Chapter 13

FUEL OIL PIPING AND STORAGE, SECTION 1309 OIL
TANKS FOR ONE-AND TWO-FAMILY DWELLINGS AND

TOWNHOUSES

1309.6 Flood-resistant installation. In areas
prone to flooding as established by Table
R301.2(1) of the International Residential Code,
tanks shall be installed at or above the design
flood elevation established in Section R324 of
the International Residential Code or shall be
anchored to prevent flotation, collapse and
lateral movement under conditions of the
design flood. 2



BUILDING CODES for FUEL OIL

NC MECHANICAL CODE: Chapter 13
FUEL OIL PIPING AND STORAGE, SECTION 1309 OIL
TANKS FOR ONE-AND TWO-FAMILY DWELLINGS AND
TOWNHOUSES

1309.7 Cross connection of tanks. Cross
connection of supply tanks, not exceeding
660 gallons (2498 L) aggregate capacity, with
gravity flow from one tank to another, shall
be acceptable provided that the two tanks
are on the same horizontal plane.
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BUILDING CODES for FUEL OIL

NC MECHANICAL CODE: Chapter 13

FUEL OIL PIPING AND STORAGE, SECTION 1309 OIL
TANKS FOR ONE-AND TWO-FAMILY DWELLINGS AND
TOWNHOUSES

1309.8 Corrosion protection. Underground
tanks and buried piping shall be protected
by corrosion resistant coatings or special
alloys or fiberglass-reinforced plastic.

(UL-1746 Standard for External Corrosion
Protection Systems For Steel Underground
Storage Tanks)
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Heating Physics

What 1s a BTU

British Thermal Unit

The amount of heat required to heat or
raise 1 pound of water 1 degree Fahrenheit

About the heat from a Kitchen Match Stick

7
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Heating Physics

Change of State Energy

(For 1 pound of water)

Change of 32 ICE to 32 water takes 144
BTUs. Latent Heat of Fusion.

Change 32 water to 212 water takes 180
BTUs. 212-32 =180 Sensible Heat

Change 212 water to 212 stream takes 970
BTUs. Latent Heat of Vaporization

To change 32 water to 212 steam takes
1,150 BTUs

36
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Heating Physics

Three means

Radiation: Heat
hot object to cold

Convection: He
air.

of Heat Transfer

transfer by direct rays from
object.

at Transfer by movement of

Evaporation: Heat Transfer by evaporation.

Most people fee
an effective temp
humidity of 100%

comfortable in wintertime by
erature of 68 with a relative

38



Heating Physics

Indirect Firing Furnaces & Bollers

Chimney Loss BTUs

!

Input BTUs e Output BTUS

OUTPUT INPUT = STEADY STATE EFFICIENCY
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Heating Physics

Energy Content and Units

A FUEL OIL NO. 2: 140,000
BTUs/gallon

A PROPANE: 91,500 BTUs/gallon

A NATURAL GAS: 100,000
BTUs/Therm

A ELECTRICITY: 3,413
BTUS/KILOWATT HR.

40



‘Fuel Oil Combustion Manual, pg. 1
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FUEL OIL Combustion Manual, pg. 2

Kerosene (K-1): Uses include suitability for lighting and cooking
employing simple burners (wick). As of July 1, 1998, this product
may be dyed. Average of 134,000 BTUs per gallon. (ULSK)

Fuel Oil No.-1: A light liquid distillate with distillation range of

about 325 to 570 °F . Use I s gener atlypyeon
burners for space heaters but is not recommended for wick

burners. As of Oct. 1, 1993, this product may be dyed. Ultra
LoY}/—Squur grade available. Average of 135,000 BTUs per

gallon.

Fuel Oil No.-2: A slightly heavier distillate with a maximum
distillation temperature of 675 °F. Use is for mechanically
atomizing type burners and where sediment in fuel and
preheating are prohibited or limited. This is the general fuel for
automatic oil-fired heating equipment. As of Oct. 1, 1993, this
product may be dyed. Ultra Low Sulfur Grade available.
Average of 140,000 BTUs per gallon.
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FUEL OIL Combustion Manual, pg. 3

TYPICAL SPECIFICATIONS 1993 NIPER
No. 2 Fuel Oll

Gravity-API: 33.5

Flash Point: 165 °F

Viscosity-CS @ 104 °F.  2.85

Pour Point: -10°to +5°F

Sediment & Water: 0.017%

Sulfur, wt.%: 0.231 %

Ultra Low Sulfur Grades: 0.00015%

Heat of Combustion: 139,500 BTUs/gal.
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FUEL OIL Combustion Manual, pg. 3

HEATING VALUES-BTU CONTENTS of VARIOUS FUELS. The
chart in the manual compares the various forms of heating
fuels in terms of British Thermal Units (BTU). Each fuel type is
compared to the other fuel types in two ways. How many of the
fuels measured units does it take to make 1 million BTUs, and
how each fuel units does it take to make another fuel type. For
example, consider # 2 fuel oil; 1 gallon of #2 fuel oil holds as
many BTUs as approximately 1.167 gals of gasoline, 1.04
gallons of # 1 kerosene, 0.900 gals. of # 6 fuel oil, 1.53 gallons
of propane, 1.4 therms of natural gas, 41.02 Kilowatts of
electricity, and 0.0043 cords of dry oak wood. It would also
take 7.14 gallons of # 2 fuel oil to equal 1 million BTUs.

The chart does not take into consideration how efficient the
fuel would be burned. For consideration purposes, most fossil
fuel furnaces would have a 80% efficiency, electric strip
elements at 100%, fireplaces at 0 to 10% efficiency, and heat
pumps at the theoretical 200% range.

44



FUEL OIL Combustion Manual, pg. 4

GRAVITIES, DENSITIES AND HEATS OF
COMBUSTION OF FUEL OILS. (Fig.-2)

No 2 Fuel Oil with an APl Gravity of 33
would weigh 7.17 Ibs/gal. Have approx.
19,520 BTUs/Ib., have 140,000 BTUs per
gal. and float on water

45



FUEL OIL Combustion Manual, pg. 5

HEAT
EXCHANGER

FAN / LIMIT
SWITCH

INSPECTION [ | iR N
AccEss AND B BT et e N AR
OVER-FIRE |t ° -[™1-S ) ‘ FILTER
DRAFT PORT | \ |

BLOWER

OIL BURNER ASSEMBLY

COMBUSTION
CHAMBER 46



FUEL OIL Combustion Manual, pg. 6

Oil Is a complex mixture of compounds
containing carbon (C) and hydrogen (H). These
two elements must combine with oxygen (0) to
burn. A certain theoretical amount of oxygen
must be supplied to combine with (burn) all the
carbon and hydrogen. For ordinary equipment,
oxygen is supplied mixed with nitrogen
(ordinary air).

Number 2 fuel oil is comprised mainly of 84%
carbon and 15% hydrogen along with various
other chemicals in small amounts. Air is
roughly comprised of 20.9% Oxygen and 79%
inert Nitrogen.
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‘ What 1s Combustion?

LEASED

CHEMICAL REACTION

48



FUEL OIL Combustion Manual, pg. 6

To burn 1 gallon of oil that weights 7.17 pounds, it
would take 154.44 pounds of air or 2,059.22 cubic
feet. The combustion process would produce about
8.64 pounds of water (over a gallon). It would
produce approximately 22.66 pounds of Carbon
Dioxide. Approximately 130.42 pounds of Air would
go through the process essentially unaffected
chemically.

It would also produce small amounts of trace gases
such as Carbon Monoxide, Nitrogen Oxides and
Sulfur Oxides. The combustion process with one
gallon of fuel oil would produce approximately
140,000 BTUs of heat energy.
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FUEL OIL Combustion Manual, pg.7

3.16 Ibs. CARBON DIOXIDE
1.18 Ibs. WATER VAPOR
11.02 Ibs. NITROGEN

85% CARBON
15% HYDROGEN

1 Ib.
#2 FUEL OIL

HEAT (ELECTRODE SPARK)

14.36 Ibs.
COMBUSTION AIR I

21% OXYGEN
79% NITROGEN




FUEL OIL Combustion Manual, pg.7

3.16 Ibs. CARBON DIOXIDE
1.18 Ibs. WATER VAPOR

16.52 Ibs. NITROGEN

1.67 Ibs. OXYGEN

85% CARBON
15% HYDROGEN

1 Ib.
#2 FUEL OIL

HEAT (ELECTRODE SPARK)

21.54 |bs.
COMBUSTION AIR I

21% OXYGEN
79% NITROGEN
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FUEL OIL Combustion Manual, pg.7

ARBON BLACK, CARBON DOXIDE
UNBURNED CARBON,

WATER VAPOR, OXYGEN, NITROGE
CARBON MONOXIDE

85% CARBON
15% HYDROGEN

#2 FUEL OIL

HEAT (ELECTRODE SPARK)

EXCESS AIR

21% OXYGEN \]‘ ,
79% NITROGEN
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AlIR
1,400 CUBIC FEET PER GALLON ~ HEAT
21% OXYGEN, 79% NITROGEN VAPORIZATION 138,600 BTU

HOT NITROGEN
CARBON DIOXIDE
CO,

WATER VAPOR
H,0

NITROGEN OXIDES

NO 3

E}{CESE OXYGEN
2

SULFUR OXIDES

Oy

TOMIZATION

A
COMBUSTION

FUEL OIL FREE CARBON
85% CARBON, 15% HYDROGEN SMOKE

TRACE OF SULFUR
ggHBDN MONOXIDE
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FUEL OIL Combustion Manual, pg 8

No 2 OIL CARBON DIOXIDE & OXYGEN

PERCENTAGES IN FLUE GAS VS.
EXCESS AIR LEVEL PERCENTAGES

12% CO2 gives areading of 4.8% Oxygen,
27% excess air, and a flame temperature

of 2820°F
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FUEL OIL Combustion Manual, Pg. 9

84,000 BTUH

DELIVERED
21,000 BTUH

HEAT LOST IN FLUE

#2 FUEL OIL
0.75 GPH NOZZLE
100 PSIG
(105,000 BTUH INPUT)

80% STEADY STATE COMBUSTION EFFICIENCY_

(Jacket Heat Loss not Included)



FUEL OIL Combustion Manual, pg. 10

TESTING & ADJUSTING OIL BURNING OPERATIONS
Primary Air Shutter for best yellow

flame.

Operate combustion until stack
temperature levels off.

Measure Over-Fire Draft at -0.01 to -
0.02 inches water column.

Make Smoke test, try for No. O
smoke.
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FUEL OIL Combustion Manual, pg. 10
TESTING & ADJUSTING OIL BURNING OPERATIONS

Take CO2 or O2 test reading. Try for

10% CO2 or 5% O2 with no smoke
reading.

Low CO2 or high O2 can be caused
by. EXxcessive Primary Air
Poor Atomization

Wrong Nozzle or Combustion
Chamber
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FUEL OIL Combustion Manual, pg. 10
TESTING & ADJUSTING OIL BURNING OPERATIONS

After achieving high CO2 or low O2,
measure Flue Gas Temperature.

Using Thermal Combustion Efficiency
Charts, determine combustion
efficiency using Net Stack Flue Gas
Temp. and CO2 or O2 readings.
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TESTING & ADJUSTING OIL BURNING OPERATIONS

Excessive Flue Gas temperature
iIndicates too much primary air or the
presence of insulating deposits.

Very low Flue Gas temp. indicates
under firing & flue gas condensation.
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Combustion Test Work Sheet for
determining increase in combustion
efficiency and decrease In fuel cost.

Fuel saving determined by using
chart on page 13.
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Combustion Analysis

AT £ D\
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Combustion Test Instruments

Carbon Dioxide or Oxygen (%)

Carbon Monoxide (0 - 2000 ppm)

Flue Stack Thermometer (200°F - 1000°F)
Draft Gauge (0.1"WC to -0.25"WC)
Smoke Tester (ASTM D2156 approved)
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COMBUSTION

TEST KITS
(Old and New)

Measures:
02

Air Temp.
CO

Qx"-%"x\?

Draft

STACK

ﬁ‘x\\‘u\‘x‘u\\\\\\‘x‘x‘\‘x‘x‘x‘xﬂ‘u :

'||'.|
H.."
H\
3
B
8

G
-

S

e ———

‘I
|
z

lc-:." Ti\\\

|

: _ | |

TEMPERATURE

R ((T() 2 sewmups RSty

h‘x\\&‘\&&\\\\\\’*ﬂx‘i‘s
=

:

| |
| |
||

o

I
i

R
ﬁ/

1 f —

i

fffo/fffff//fffffffffffff

?
iﬁf
. |
lﬁ

Calculates:
CO2
Excess Air %
CO (Air Free)
DRAFT
Efficiency %|

S

|

]

l

i
3

T |
= DRAFT m

\

bl e,

N




Combustion Test Printer Reading

BACHARACH, INC.
FYRITE PRO ANALYZER
DATE: 7/30/2002
TIME: 12:24 AM
FUEL: (F2) Oil #2
EFFICIENCY 83.1%
EXCESS AIR  45.7%
STACK TEMP 456 °F
PRIMARY TEMP 62.0 °F

02 6.9%
CO2 10.4%
CO 20 ppm

CO AIR FREE 30 ppm
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A.F.U.E. COMBUSTION

DISTRIBUTION
INFILTRATION
OFF-CYCLE

JACKET
HEATING VALUE USEFUL HEAT
OF FUEL DELIVERED TO
CONSUMED DURINC SPACE DURING
HEATING SEASON HEATING SEASON

ANNUAL FUEL UTILIZATION EFFICIENCY

(Includes All Heat Losses Associated With Equipment Operation)

65



FUEL OIL Combustion Manual, pg. 12

Temperature
02% | 200 | 250 | 300 | 350 | 400 |450 |500 |550 | 600 |650 | 700 | 750 |800 5/202
6
1 90 |88 |87 |86 |85 |84 |83 |82 |81 |80 |78 |77 |76 |14.7
2 89 |88 |87 |8 |8 |84 |82 |81 |80 |79 |78 |77 |75 |14.0
3 89 |88 |87 |86 |84 |83 |82 |80 |79 |78 |77 |76 |75 |13.2
4 89 |88 |8 |85 |84 |83 |82 |81 |80 |78 |76 |75 |74 |125
5 89 |87 |8 |85 |83 |82 |8L |80 |78 |77 |75 |74 |73 |117
6 88 |87 |8 |84 |83 |81 |80 |79 |77 |76 |74 |73 |71 |11.0
7 88 |87 |85 |84 |82 |81 |79 |78 |76 |75 |73 |72 |70 |10.3
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ORIGINAL HEATING PLANT EFFICIENCY

BEFORE ADJUSTMENT
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Heat Exchangers:

Heat transfer occurs two ways with ol
purners.

1)Radiation: Luminous Flame to primary
neating surfaces within sight of flame

2)Convection: Hot combustion gases in contact
with secondary heat exchanger surfaces,
mostly out of site of flame
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Heat Transfer:

1) Temperature Difference: The greater the
temperature difference between flue gases and
heated medium, the more heat transferred.

2) Contact Time: The longer the hot
combustion gases are in contact with the walls
of the heat exchanger, the more heat will be
transferred. Longer contact time can be
achieved by reducing the amount of combustion

gases produced per gallon of fuel burned or per
period of time.
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FUEL OIL Combustion Manual

Heat Exchanger

. Provides a barrier between
the indoor air and the
combustion gases.

. Designed for maximum
contact time and
efficiency.
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EXCESS AIR EFFECTS ON HEAT RANSFER

Absorption of additional heat into the inert
nitrogen and unused oxygen which passes to

outdoors.

Dilutes combustion gases, dropping their
temperature and thereby decreasing their rate of
heat transfer.

Increases the volume of flue gas which causes a
faster travel over the heat transfer surfaces.
Thus less heat is transferred and exit flue gas
temperature increases.
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Dom

estic Oil Burners

Transport oil from remote storage as

reo
Su

uired.
oply the correct oil feed rate.

Su

oply the correct air feed rate.

Prepare oil and air for combustion by
Initiating mixing process.

Provide ignition of the oil on initial start-
up.
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