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FUEL OIL DESCRIPTIONS & SPECIFICATIONS

Crude is separated into the various heating fuels at the refineries. The lighter liquid heating
fuels, called distillates, are products of the distillation process, and are practically sediment-free. They
are further engineered chemically for optimum performance by the addition of various components called
Afadditiveso t o i nlriabsorptionrandsgum formationa Distillates,are vlasgified as
follows:

Kerosene (K-1): A low sulfur content product with a distillation range of about 325° to 550°F.,
uses include suitability for lighting and cooking employing simple burners (wick). Industries, particularly
ceramic, use kerosene where critically clean firings are required. Occasionally, kerosene (K-1 or the
higher sulfur K-2) is used for diesel fuel where minimum exhaust odor and smoke are desired. As of
July 1, 1998, this product may be dyed. Ultra Low-sulfur grade available. Average of 134,000 BTUs
per gallon

Fuel Oil No.-1: A light liquid distillate with distillation range of about 325 to 570 °F. Use is
generally in-twaopdr ibairmgerpdtor space heaters, but 1is
As of Oct. 1, 1993, this product may be dyed. Ultra Low-sulfur 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. It is also used by utilities for
gas enrichment purposes and by industry for many purposes such as baking, evaporating, annealing,
and drying, etc. As of Oct. 1, 1993, this product may be dyed. Ultra Low-sulfur grade available. Average
of 140,000 BTUs per gallon.

The remaining oil fuels are termed fAresidual 06 bec
distillation equipment after other lighter fuels have been boiled off. Residuals are classified as:

Fuel Oil No.-4: Sometimes consists entirely of heavy distillates, but generally is a
mixture, a distillate and a residual stock. Use is for installations where preheating is not required.
Average of 145,000 BTUs per gallon.

Fuel Oil No.-5: A residual oil with some distillate content, but requiring pre-heating. Use
is in commercial and industrial oil burners. Sale is by the gallon, tanker or truckload minimum.
Average of 150,000 BTUs per gallon

Fuel Oil No.-6: Of t en call ed ABunker C,0 this is the heavi
is required to increase fluidity for handling and to permit atomization for burning. Use is generally
in ships and industry for steam generation and process operations. Sale is by the gallon, tanker
or truckload minimum. Average of 155,500 BTUs per gallon.

Table 1- Approximate Gravity and Calorific Value of Standard Grades of Fuel Qil

Commercial Approximate Weight Pounds Heating Value Range
Standard No. Gravity (API) per Gallon BTU per Gallon
Kerosene 50-42 6.00-6.49 135,550-131,100
1 30-45 6.95-6.67 137,000-132,900
2 30-45 7.21-6.87 141,000-135,800
4 12-32 8.22-7.21 153,300-140,600
5 8-20 8.45-7.78 155,900-148,100
6 6-18 8.57-7.88 157,300-149,400




Standard Specification for Fuel Qils/Diesel Fuels
SEE: ASTM D396, D3699 & D975
TYPICAL SPECIFICATIONS

Kerosene No. 2 No. 2 HYW. No. 6
#1 Fuel Oil Diesel Fuel Fuel Oil

Gravity-API 42.8 33.5 35.3 8.4
Flash Point °F (min.) 100° 100° 125° 140°
Viscosity-CS @ 104 °F (min.) 1.0 1.9 1.9
Pour Point °F (max) -15° 21° 0° 60°
Viscosity-CS @ 212 °F 15
Sediment & Water, 0.001 0.05 0.05 2.00
Vol. %
Ash, wt.% (max) .01 0.053
Sulfur, vol% 400 ppm 5000 ppm 15 ppm 2.00
Ultra Low Sulfur Grades 15 ppm 15 ppm
Heat of Combustion, 134,200 139,500 138,400 155,500
BTU/Gallon

No. 2 Fuel Oil begins to form wax crystals upon a 24 hour exposure to a temperature of 15°F.

HEATING VALUES-BTU CONTENTS of VARIOUS FUELS. The chart below 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 (approximately 1/2 stick of 6
inch dia. 4.0 ft. long fire 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 or how much heat would be
transferred to the area to be heated. For consideration purposes, most fossil fuel furnaces would have an 80%
efficiency, electric strip elements at 100%, fireplaces at 0 to 10% efficiency, and heat pumps at the theoretical 200%
range.

1.00 Gasoline #2 Fuel #1 Kero #6 Fuel Propane Natural Electric Wood

FUEL TYPE million gal. Qil/gal. gal. QOil/gal. gal. Gas KWH (Oak)

BTUs Therm cord

1gal. Gasoline @ 8.33 1.00 .8571 .8889 717 131 1.20 35.16 .0037
120,000 BTUs
(summertime)

1 gal. #2 Fuel Oil @ 7.14 1.167 1.00 1.04 .9000 1.53 1.40 41.02 .0043
140,000 BTUs

1 gal Kerosene @ 7.41 1.125 .964 1.00 .868 1.475 1.35 39.55 .0042
135,000 BTUs

1 gal. #6 Fuel Oil @ 6.43 1.296 1.111 1.152 1.00 1.70 1.55 45.56 .0048
155,500 BTUs

1 gal. Propane @ 91,500 10.93 .763 .654 .678 .588 1.00 915 26.81 .0028
BTUs

1 Therm of Natural Gas 10.00 .833 714 741 .643 1.09 1.00 29.30 .0031
@ 100,000 BTUs

1 Kilo Watt Hour Ele. @ 293.0 .0284 .0244 .0253 .0220 .0373 .0341 1.00 .00011
3,413 BTUs

1 Cord dry Oak Wood @ .0308 270.8 2321 240.7 209.0 355.2 325.0 9,522 1.00
32,500,000 BTUs




GRAVITIES, DENSITIES AND HEATS OF COMBUSTION OF FUEL OILS

VALVES FOR 10 TO 49 DEG. API, INCLUSIVE, REPRINTED FROM BUREAU OF STANDARDS
MI SCELLANEOUS PUB.

NO. 97 ATHERMAL

PROPERTI ES OF

(FIGURE-2)
Gravity at Density at Total Heat of Combustion
60/60 °F 60 °F (At Constant Volume)
DEG. API Specific Gravity LB per BTU per BTU per CAL. per

Gallon Pound Gallon Gram
5 1.0366 8.643 18,250 157,700 10,140
6 1.0291 8.580 18,330 157,300 10,180
7 1.0217 8.518 18,390 156,600 10,210
8 1.0143 8.457 18,440 155,900 10,240
9 1.007 8.397 18,490 155,300 10,270
10 1.000 8.337 18,540 154,600 10,300
11 0.9930 8.279 18,590 153,900 10,330
12 0.9861 8.221 18,640 153,300 10,360
13 0.9792 8.164 18,690 152,600 10,390
14 0.9725 8.106 18,740 152,000 10,410
15 0.9659 8.058 18,790 151,300 10,440
16 0.9593 7.998 18,840 150,700 10,470
17 0.9529 7.944 18,890 150,000 10,490
18 0.9465 7.891 18,930 149,400 10,520
19 0.9402 7.839 18,980 148,800 10,540
20 0.9340 7.787 19,020 148,100 10,570
21 0.9279 7.736 19,060 147,500 10,590
22 0.9218 7.686 19,110 146,800 10,620
23 0.9159 7.636 19,150 146,200 10,640
24 0.9100 7.587 19,190 145,600 10,680
25 0.9042 7.538 19,230 145,000 10,680
26 0.8984 7.490 19,270 144,300 10,710
27 0.8927 7.443 19,310 143,700 10,730
28 0.8871 7.396 19,350 143,100 10,750
29 0.8816 7.350 19,380 142,500 10,770
30 0.8762 7.305 19,420 141,800 10,790
31 0.8708 7.260 19,450 141,200 10,810
32 0.8654 7.215 19,490 140,600 10,830
33 0.8602 7.171 19,520 140,000 10,850
34 0.8550 7.128 19,560 139,400 10,860
35 0.8498 7.085 19,590 138,800 10,880
36 0.8448 7.043 19,620 138,200 10,900
37 0.8398 7.001 19,650 137,600 10,920
38 0.8348 6.960 19,680 137,000 10,940
39 0.8299 6.920 19,720 136,400 10,950
40 0.8251 6.879 19,750 135,800 10,970
41 0.8203 6.839 19,780 135,200 10,990
42 0.8155 6.799 19,810 134,700 11,000
43 0.8109 6.760 19,830 134,100 11,020
44 0.8063 6.722 19,860 133,500 11,030
45 0.8017 6.684 19,890 132,900 11,050
46 0.7972 6.646 19,920 132,400 11,070
47 0.7927 6.609 19,940 131,900 11,080
48 0.7883 6.572 19,970 131,200 11,100
49 0.7839 6.536 20,000 130,700 11,110

PETR



Heating Plant Nomenclature

Fan/Limit Switch Heat Exchanger Flue Pipe

Burner & Motor Combustion Chamber Fan Assembly & Motor



BASIC COMBUSTION PRINCIPLES

What is Combustion?

CHEMICAL REACTION

23

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.

For ideal or perfect operation:
Fuel Oil----+-----Air------------ burns (equals)------ Carbon Dioxide----+-----Water-------- e Nitrogen
C+H-------- + ---02/N2--------- burns (equals) CO2 + H20 + N

Actual operation:
Fuel Qil--+--Air (EXCESS)---burns (equals)---Carbon Dioxide--+--Water--+---Nitrogen---+--Unused O2
C+H + 02/N2 burns (equals) CO2 +-----H20---+ N + 02

Since practical equipment is not perfect, it cannot match every atom of oxygen with corresponding
carbon and hydrogen atoms. To insure that all carbon and hydrogen atoms find available oxygen atoms, excess
air must be fed so that some oxygen will go through combustion process unused and appear in the products of
combustion. See above.

Since all fuels burn as a vapor, it is important to either convert the liquid fuel to a gas in the burner or else
divide it into such small particles or droplets that heat within the combustion zone of the boiler or furnace will
vaporize the fuel during its residence time in the flame zone.

While gasification of the fuel is important, it is equally important to create enough turbulence between the
incoming air and fuel to assure complete mixing and therefore, complete, smoke-free combustion.

To have combustion, three factors must be present; fuel, air, and heat. During the ignition period, heat is
provided by the ignition system. On the lighter grades of oil, direct electrical spark is used. A step up
transformer with a 10,000 volt secondary is used to provide sufficient voltage for ignition of the flame. Igniters
are now coming online to produce voltages in the neighborhood of 14,000 volts. If the flame is too cool,
incomplete combustion will result. This cooling of the flame can occur when the relationship between the
combustion chamber and the flame is incorrect. Chambers that are too small or too large can produce this
condition. This incomplete combustion will result in smoke emission and wasted fuel. Oil burns like an onion
peels so that it is necessary to have sufficient air present to complete the combustion of each successive layer as
it forms. Consequently, mixing of the air and oil is as important as having a sufficient quantity of oil and air
present.

Figure 4 on page 7 can be broken down in the following manner for TYPICAL ACTUAL combustion
conditions. 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 which is little 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.

-6-



PRODUCTS OF COMBUSTION OF FUEL OIL AND AIR
Figure 4
)] THEORETICAL-IDEAL

FUEL OIL Combustion

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

85% CARBON
15% HYDROGEN

11b.
#2 FUEL OIL

HEAT (ELECTRODE SPARK)

1)) TYPICAL ACTUAL

FUEL OIL Combustion

3.16 Ibs. CARBON DIOXIDE
1.18 Ibs. WATER VAPOR

16.52 Ibs. NITROGEN

1.67 Ibs. OXYGEN

85% CARBON
15% HYDROGEN

11b.
#2 FUEL OIL
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1,400 CUBIC FEET PER GALLO HEAT

F1% ONYGEN, 7% NlTu_.l:\ VAPORIZATION 138,690 BTU
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: : BURMS

HOT NITROGEN
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ATOMIZATION EXCESS OXYGEN
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Ty SULFUR OXIDES
COMBUSTION B0y

FUEL OiL FREE CARBON
85% CARBON. 15% HYDROGEN SMOKE

TRACE OF SULFUR
CARBON MONOXIDE

e

W,

CARBON DIOXIDE & OXYGEN PERCENTAGES IN FLUE GAS
VS.
EXCESS AIR LEVEL PERCENTAGES

NUMBER 2 OIL
CO2 % 02 % EXCESS AIR % FLAME TEMP.
oF,
5 14 210 1900
55 13.4 182
6 12.8 155 2020
6.5 12.4 137
7 11.4 120 2180
75 10.8 105
8 10.0 91 2300
85 9.5 80
9 8.7 70 2420
9.5 8.0 61
10.0 7.4 53 2560
105 6.7 46
11.0 6.0 40 2700
115 5.4 33
12.0 4.8 27 2820
125 4.0 20
13.0 3.4 16 2960
135 2.7 13
14.0 2.0 9 3036
145 13 5
15.0 6 2 3200




DISTRIBUTION OF HEAT AS DETERMINED BY
THE STACK LOSS METHOD

(Figure 5)
HEAT ENERGY
HEAT ENERGY
( \ LOSS UP STACK or
STACK LOSS
oL HEATS Beg, i
@@

140,000 BTU/GAL. HEAT INPUT

(R,
HEAT TO LOAD + STACK LOSS = HEAT ENERGY INPUT
HEAT TO LOAD = HEAT ENERGY INPUT i STACK LOSS

‘ Combustion Analysis

NORMAL

RANGES

(Flame Retention)

305 | [<100]] [ow1 ]

SMOKE
O2% CO ppm SPOT

Y

| 350 - 500 (ney

70°F Maximum
Temperature Rise

-0.02 to -0.04




TESTING & ADJUSTING OIL BURNING OPERATIONS

The correct observation and diagnosis of oil burner combustion quality is not possible without proper

equipment, and the need for such equipment and skill is a major significance in present day oil heat

promotion. The Combustion Test Kits now come in the old manual style or the newer electronic versions. The

electronic version can do carbon monoxide reading as well as instantaneous combustion reading. The

electronic test analyzers only require the push of a button. Correct use of manual/electronic combustion

analyzing instruments is mandatory and will conform to the following procedure:

a.

Set primary air shutter for the best appearing yellow flame without odor or smoky tips. In
equipment you cannot see the Flame you should observe the flue pipe exhaust. Operate
combustion until steady-state conditions of draft and flue gas temperature have been reached.
Usually in five minutes; flue gas temperature should rise 100 degrees per minute and level off
around 500 -550 degrees.

Using a good draft gauge, adjust draft regulator for the desired, stable reading as prescribed by
the manufacturer. Until this requirement is performed, no further testing and adjustment is

valid. Normally a minimum over-fire draft is -0.01" to -0.02" water column.

Using a smoke-tester, make several tests with alternating primary air adjustments until smoke
readings (Bacharach-Shell Scale) gradually diminish and barely reach Number 0 without
additional excess air.

Make a test of the carbon dioxide (C02) or oxygen (02) percentage in the flue gas. The desired
C02 reading is 10 percent, minimum (with no smoke). Low C02 or high 02 percentages mean
lower efficiency, indicating excessive air being fed to the fire-box or secondary flue passages.
Causes of excessive air dilution of flue gases could be;

-Excessive primary air

-Poor atomization (requiring excessive primary air).

-Poor match of nozzle and burner air-spray patterns, usually the wrong nozzle.
-Poor combustion chamber design or condition, inadequate height.
-Excessive leaks around burner tube, inspection door.

After the lowest possible percentage 02 (or highest percentage C02) (with no smoke) has been
obtained, a final reading of flue gas temperatures at the furnace/boiler flue outlet is necessary

to complete the thermal combustion efficiency test. If draft adjustment is correct and firing rate

is correct, excessive flue gas temperature indicates too much primary air or the presence of
insulating deposits (soot and scale) on the heat exchanger surfaces. Very low stack
temperatures could indicate excessive under firing, and flue condensation could result (acid).
The following tables (page 12) of combustion efficiency percentages are functions of C02 or 02

percentage and flue gas temperatures.
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Name:

COMBUSTION TESTS
(CONFIDENTIAL INFORMATION)

Address:

PHONE:

Before

Improved

Date

Nozzle

Draft, Over-fire

Smoke Number

C02 Percent (or 02)

Net Stack Temperature

EFFICIENCY

%

%

Recommended Improvements and Retrofits:

Improvement Cost

$ approx.

Company:

FUEL OIL Combustion Manual
A.F.U.E.

OFF-CYCLE

JACKET

t

HEATING VALUE

OF FUEL

CONSUMED DURING
HEATING SEASON

INFILTRATION

COMBUSTION
DISTRIBUTION 4

USEFUL HEAT

DELIVERED TO

SPACE DURING
HEATING SEASON

ANNUAL FUEL UTILIZATION EFFICIENCY

(Includes All Heat Losses Associated With Equipment Operation)

Annual Fuel Saving

$

approx.

Pay-Back Time

$

Address:

Telephone:

Technician:

-11-
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NO. 2 FUEL OIL EFFICIENCY TABLES

NET STACK TEMPERATURE °F

%02 | 200 | 250 | 300 | 350 | 400 | 450 | 500 | 550 | 600 | 650 | 700 | 750 | 800 | %CO2
1 896 | 884 | 87.3 | 86.2 | 851 | 84.0 | 829 | 81.7 | 80.6 | 795 | 784 | 77.3 | 76.2 14.7
2 894 | 882 | 87.0 | 859 | 84.7 | 836 | 824 | 81.2 | 80.1 | 789 | 77.7 | 76.6 | 754 14.0
3 89.2 | 879 | 86.7 | 855 | 843 | 83.1 | 819 | 80.7 | 7194 | 782 | 77.0 | 75.8 | 74.6 13.2
4 889 | 87.7 | 86.4 | 851 | 83.8 | 826 | 81.3 | 80.0 | 787 | 775 | 76.2 | 749 | 73.6 12.5
5 88.7 | 87.3 | 86.0 | 846 | 83.3 | 82.0 | 806 | 793 | 779 | 766 | 753 | 73.9 | 72.6 11.7
6 884 | 87.0 | 855 | 84.1 | 82.7 | 81.3 | 799 | 785 | 77.0 | 756 | 742 | 728 | 714 11.0
7 88.0 | 86.5 | 85.0 | 835 | 82.0 | 805 | 79.0 | 775 | 76.0 | 745 | 73.0 | 71.5 | 70.0 10.3

NET STACK TEMPERATURE °F

%CO2 | 300 350 400 450 500 550 600 650 700 750 800 850 900

15.0 87.5 86.5 85.25 | 84.25 | 84.25 | 82.0 81.0 79.75 | 78.75 | 77.5 76.5 75.5 74.25

14.5 87.5 86.25 | 85.0 84.0 83.0 81.75 | 80.75 | 79.25 | 78.5 77.25 | 76.0 75.0 73.75

14.0 87.25 | 86.0 84.75 | 83.75 | 82.75 | 815 80.25 | 79.0 78.0 76.75 | 75.5 74.5 73.0

13.5 87.0 85.75 | 845 83.5 82.5 81.25 | 80.0 78.75 | 77.5 76.25 | 75.25 | 74.0 72.25

13.0 86.75 | 85.5 84.25 | 83.25 | 82.0 80.75 | 79.5 78.25 | 77.0 75.75 | 745 73.5 71.75

12.5 86.5 85.25 | 84.0 83.0 81.5 80.25 | 79.0 77.75 | 76.5 75.25 | 73.75 | 72.75 | 71.0

12.0 86.25 | 85.0 83.75 | 825 81.25 | 79.75 | 78.5 77.25 | 75.75 | 745 73.0 71.5 70.25

11.5 86.0 84.75 | 83.5 82.0 80.75 | 79.25 | 78.0 76.5 75.25 | 73.75 | 72.25 | 70.75 | 69.5

11.0 85.75 | 84.5 83.0 81.5 80.25 | 78.75 | 77.25 | 75.75 | 74.5 73.0 715 70.0 68.5

10.5 85.5 84.0 82.5 81.0 79.5 78.0 76.5 75.0 73.75 | 72.0 70.5 69.0 67.5

10.0 85.0 83.5 82.0 80.5 78.75 | 77.25 | 75.75 | 74.25 | 72.75 | 71.0 69.5 68.0 66.25

9.5 84.5 83.0 81.5 79.75 | 78.0 76.5 75.0 73.25 | 71.75 | 70.0 68.25 | 66.75 | 65.0

9.0 84.0 82.25 | 80.75 | 79.0 77.25 | 75.75 | 74.0 72.25 | 70.75 | 68.75 | 67.0 65.25 | 63.5

8.5 83.5 81.75 | 80.0 78.25 | 76.5 74.75 | 73.0 71.25 | 69.5 67.5 65.5 63.75 | 62.0

8.0 83.0 81.0 79.25 | 77.5 75.5 73.75 | 71.75 | 70.0 68.0 66.0 64.0 62.0 60.0

7.5 82.25 | 80.25 | 78.5 76.5 74.5 72.5 70.5 68.5 66.5 64.25 | 62.25 | 60.0 58.0

7.0 81.5 79.5 77.25 | 75.25 | 73.25 | 71.0 69.0 67.0 64.75 | 62.5 60.25 | 57.75 | 55.5

6.5 80.75 | 78.5 76.25 | 74.0 71.75 | 69.5 67.25 | 65 62.75 | 60.25 | 57.75 | 55.5 53.0

6.0 79.75 | 77.25 | 75.0 72.5 70.0 67.75 | 65.25 | 62.75 | 60.25 | 57.5 55.0 52.5 50.0

55 78.5 76.0 73.5 71.0 68.0 65.5 63.0 60.25 | 57.5 54.5 51.75 | 49.0 46.5

5.0 7725 | 745 71.75 | 69.0 65.75 | 63.0 60.0 57.0 54.0 51.0 48.0 45.5 42.75

4.5 75.5 72.5 69.5 66.25 | 63.0 60.0 56.75 | 53.5 50.25 | 47.0 43.5 40.25 | 36.75

4.0 73.25 | 69.25 | 66.25 | 62.75 | 59.25 | 55.75 | 52.0 48.5 45.0 41.75 | 37.5 33.75 | 30.0

-12-




ORIGINAL HEATING PLANT EFFICIENCY
BEFORE ADJUSTMENT
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HEAT EXCHANGERS

The purpose of the heat exchanges is to transfer heat (energy) from the combustion gases to the medium
to be heated: air in furnaces or water in boilers. The area of heat transfer surfaces has been determined by the
manufacturer so that continuous firing at the input rate designated on the nameplate will not cause a further
temperature rise beyond some maximum point. Such a point will depend upon the incoming temperature and

flow rate of the heated medium. Heat transfer occurs in two ways with an oil-fired operation:

Radiationf rom t he |l uminous flame directly to fAprimaryo hea
flame.
Convectionby hot combustion gases coming in contact with A

surfaces, mostly out-of-sight from the flame.

A perfect heat exchanger would transfer all heat generated by combustion to the customer except that
required to raise combustion air to indoor temperature from outdoor temperature. However, practicality and

economics in heat exchanger design limit heat absorption capability in two ways:

1) Temperature Difference: The greater the temperature difference between flue gases and heated medium,
the more heat transferred. Air or water returning to the fired unit at room temperature must be raised
above room temperature to transfer any heat, thus the possible difference begins to narrow. Boilers
may have minimum temperatures of 150 degrees or more. A hotter flame, such as with a flame-retention
oil burner, increases the temperature difference, the heat transfer rate, and results in lowered exit flue
gas temperature.

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. The scrubbing of the heat exchanger walls by the combustion gases
is essential. This means that small flue passages in the heat exchanger provide better contact than
wide open flue passages. With greater heat exchange surface area per volume of combustion gas, more
intimate contact of heat and walls occurs. Longer contact time can also be achieved by reducing the
amount of combustion gases produced per gallon of fuel burned or per period of time. A smaller
volume takes longer to flow over heat exchange surfaces. Lowering the excess air can reduce the
volume of combustion gases produced per gallon of fuel burned, and reducing the nozzle firing rate can
reduce the volume of combustion gases produced per unit time. Figure 12 indicates the relationship
between excess air and the flame temperature and volume of combustion gases.

Contamination of the heat exchanger can also limit its transfer capability. Smoke (often called soot) acts as
an insulator! Smoke deposits from smoky combustion can collect on the heat exchanger surfaces and reduce the
effectiveness of the heat transfer process. Estimates have been made indicating that a 1/8 inch thick coating of soot

on heat exchanger walls has the same insulating ability as a 1-inch thick fiberglass sheet.
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EXCESS AIR EFFECTS ON HEAT TRANSFER

In the preceding pages, it was emphasized that some excess combustion air above theoretical requirement
must be supplied to achieve complete combustion to CO, and H20 from oil and air with no unburned oil remaining.
The increasing of excess air, however, lowers heat transfer efficiency by:

-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.

Figure 12 .
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DOMESTIC & SMALL COMMERCIAL OIL BURNERS

High pressure, atomizing oil burners are applicable for residential and commercial automatically fired furnaces and
boilers designed for oil and include firing capacities up to about 40 g.p.h. Fuel handling components are designed and
calibrated for Number 2 Fuel Oil at standard conditions (100°F., viscosity 35ssu or 2.7 cs). The basic functions of an oil
burner are:

- Transport oil from remote storage as required

- Supply the correct oil feed rate

- Supply the correct air feed rate

- Prepare oil and air for combustion by initiating mixing process
- Provide ignition of the oil on initial start-up

The oil burner can be described as having four systems:
1. Power System: Fractional H.P. Motor, Flexible Coupling.

2. Fuel Handling System: Fuel pump, oil tubing, nozzle & adapter.

3. Air Handling System: Centrifugal blower & inlet adjustments, electrode support, end cone
assembly.

4. Ignition System: Ignition transformer, hi-voltage leads, insulators, and ARC-tips.

Page 17 describes cutaway view and main parts of a typical oil burner.

Cold oil and cold combustion air together can sometimes cause problems. The heavy, cold oil droplets are carried
away from the burner head by cold excess oxygen. The increase in oxygen can be offset by the increase in flow rate of cold
oil, but cold oil is usually the predominant factor. The combination of cold air and cold oil can lead to delayed ignition,
impaired flame retention, or a smoky fire due to larger oil droplets and flame envelopes.

To eliminate or minimize the impact of cold oil on burner performance, consider the following steps:

1. Move aboveground tanks inside, or bury tanks below the ground frost line, insulate supply lines.
Apply heat tape to supply lines, but only if suited to the application and local building and electrical codes allow.
3. Add fuel oil treatment to the fuel supply in order to lower the cloud and pour points. Consult your oil heating
distributor for local recommendations.
4. Use a one-pipe supply line if possible (oil is warmed in the fuel pump due to internal re-circulation).
5. Raise pump pressure from 100 psi to 140 psi. In most cases, this will provide better atomization, but will
also raise the firing rate so the next smaller nozzle size should be used. If this is done, attach a tag to the pump
showing the new pressure setting so the next serviceman will be advised.

6. Nozzle line heaters can be used to improve performance by ensuring a start with warmed oil.

The impact of cold air on burner performance is not as great as that of cold oil, but the following should be kept in
mind:

1. Chimney draft will be greater in cold winter weather than in mild weather when many systems are given pre-season
check-ups.

2. If suitable for the application, consider a concentric-flue arrangement (such as used in mobile homes) to pre-warm
the outside combustion air.

3. Obtain a trace of smoke at steady state operation; then measure CO2 or O2 and increase the burner air setting in

order to lower the CO2 by approximately 2 percentage points or raise the Oxygen by approximately 3 percentage
points at a zero smoke level. Remember, with direct outside combustion air intake, excessive combustion air at the
time of burner set-up may lead to ignition or retention problems in cold weather. Finally, always use combustion test
instruments to make adjustments when you install or service a burner.
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ELECTRONIC IGNITORS & TRANSFORMERS

IGNITORS:
During the |l ast decade, you may have noticed an increase in
stateodo i gnit ogmtorsha&lpemeeh to bendurable, effective ignition components. Electronic ignitors are

mounted on a burner housing base plate similar to that of a transformer.

They are smaller (1/4 to 1/2 the size) and weigh less than a transformer (1 Ib. compared to 8 Ib.) and have oil ignition
characteristics similar to that of a transformer. Industry contends that electronic ignitors offer improved performance with
cold oil or delayed spark conditions and consume 75 percent less power than transformers.

Other characteristics of electronic ignitors include:

e Have output currents and peak voltages that can be up to double that of iron core transformers;
e Produce a spark intensity that can be less sensitive to line voltage fluctuations; and
e Are epoxy sealed for moisture resistance and non-rusting plastic enclosures.

Electronic ignitors receive 120 VAC and change it to DC (Direct Current) voltage inside. The DC voltage turns
power transistors on and off very quickly, conducting current through the primary coil of its small internal transformer at a
frequency of 15,000 to 30,000 Hz. The secondary coil of this special high frequency transformer produces a high voltage
ignitor output that has a frequency of 15,000 to 30,000 Hz. Remember: the ability of an ignitor depends on more than just
high voltage - it depends on arc out-put current as well! Spark heat energy = voltage x current.

The electronic ignitor does not require extensive maintenance. However, there are areas to consider:

1. Similar to the iron core transformer, the electronic ignitor must be kept clean and dry. Prolonged exposure to moisture
can cause arc tracking and potential failure. Wipe dirt and oil from all surfaces.

2. Check insulator bushings and make sure they are clean and free from any crazing or cracks. Replace units that show
evidence of damage.

3. Examine the ignitor input leads for cuts or tears in the insulation. Route the leads securely so that they are not
pinched when the ignitor is closed. Make sure the wire nuts are tight and no bare wires are exposed.

4. If the ignitor has gasketing, check the sealing surfaces and replace any suspect gaskets.

5. The secondary electrode springs should be clean, should be aligned perpendicular to the ignitor base, and should make
solid contact with burner electrode rods when the ignitor is in the closed position. If the springs makes poor contact, the
ignition performance could be impaired.

6. Perform the following test to check that the ignitor is grounded to the burner. First, turn off the power to the burner.

The Ohmmeter resistance between an electrode spring and the exposed metal of the burner (for instance, the
copper line or a housing bolt) should be less than 2000 Ohms. If this resistance is infinite, the ignitor is not grounded to the
burner. This resistance should be the same as the other spring-to-burner resistance, and it should be 1/2 of the spring-to-
spring resistance. If the two spring-to-burner resistances differ by more than 20 percent, the ignitor should be replaced.

TRANSFORMERS:

The ignition transformer takes 120 volts AC and transforms it into 10,000 volts AC to ignite the oil droplets. There
are a number of ways to test the output voltage of the transformer. The most accurate is to use a voltmeter capable of
measuring 10,000 volts. With 120 volts input to the transformer, the output should be approximately 10,000 volts. If below
9,000 volts, the transformer is weak and should be replaced. There are other types of testers that have a scale that indicates
whether the transformerisigood 6 or fbad. o Some use a screwdriver to draw an
recommended due to risk of electrical shock. However, if not prolonged, this method should not cause damage.

A wide electrode gap/ B2 ydmedprbbhem. Ank @ap beyond the specified dimension is not
recommended for two reasons. First, exceeding any specification for setup could cause improper operation of the oil burner.
Second, as the gap is widened, the high voltage stress on the secondary coil increases and could shorten the life of the
transformer.

Excessive moisture can cause problems. Surface moisture on ceramic insulators can cause arcing between
terminals or to ground, eventually damaging the transformer. Moisture can also get inside the transformer. This moisture
causes internal arcing inside the transformer resulting in damage or early failure. An occasional problem is tar leakage
caused by excessive radiant heat from combustion and long-running cycles in high ambient temperatures. With some
internal failures, the transformer can also overheat and cause the tar to melt. Transformers will not cause radio and TV
interference if properly set up. They are designed with internal shielding to prevent this. But if improperly set up, premature
arcing in the ignition system can cause TV interference or decrease the energy needed to ignite the oil. Discoloration of the
secondary output terminals indicates a bad connection.
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THE EFFECTS OF PRE-PURGE AND POST-PURGE ON OILHEAT BURNERS

Without purge capabilities, burner blowers are turned on at the time the flame is ignited, and
turned off when the flame is extinguished. This works well in most cases, but some applications present
problems. When a heating system thermostat signals the need for heat, it is desirable to supply it
promptly. Any delay in providing heat can cause discomfort for home or building occupants, precipitate
nuisance service calls, and have a negative effect on fuel efficiency. To supply heat quickly, the burner
flame must ignite instantly and smoothly. It requires adequate airflow (draft) to accomplish this.
Typically, when an oil burner has been off for a while, natural draft in the chimney can become neutral.
Cold chimneys contain heavy air that must become heated and start to flow upward before draft can
occur. There could even be a down draft due to wind gusts. In chimneyless, direct vented systems there
may be no draft at all at start up. With power vented systems, draft levels may fluctuatewid e | vy . That
where pre-purge is used.

PRE-PURGE

The pre-purge controls currently offered by Burner Manufactures and others as a factory-installed
option on most of its models. These burners turn the blower on several seconds before the flame is
ignited. This establishes the level of airflow required for fast, smooth ignition. This airflow is already fully
established when ignition occurs. The burner doesndt |
inadequate draft conditions. Another significant factor is the stability and capacity of the ignition arc.
The arc should be at full strength and well established when the oil is delivered from the nozzled
otherwise, delayed ignition, noisy pulsation, and smoking can occur under certain adverse conditions.
With pre-purge, the arc is allowed to reach its maximum potential, contributing to easier ignition of the oil
droplets and producing a cleaner burning flame from the moment of ignition. In addition, the oil pressure
level in the pump is stabilized well before the oil solenoid valve opens. Oil is delivered to the nozzle at a
steady pressure, for optimum atomization of the fuel.

POST-PURGE

Post-purge is involved with the other end of the burner Cycle. When the desired heat level in the
home or building has been achieved, the thermostat calls for burner shut-off, which occurs immediately
without post-purge. As aresult, combustion gases may still be present in the flue without sufficient
airflow to evacuate them. Draft reversals may also occur, forcing flue gases back into the flue pipe and
the combustion chamber. This can cause odor problems and/or leaking combustion gases into the home.
The heat from the gases can also affect nozzles and other system components. Post-purge keeps the
blower operating for a selected period after burner shut-off. Flue gases are evacuated, draft-reversal is
eliminated, and nozzles are protected from overheating. Most controls used by Beckett are adjustable to
the specific requirements of the heating system. Direct vent systems have created a special application
for post-purge capability. With direct venting, the positive air pressure created by the burner blower, is
relied on to move combustion gases through the flue and evacuates them from the system. Itis vital,
therefore, the blower continue to operate for a period of time at the end of each burner cycle. In the past,
pre-purge and post-purge capability was obtained for the most part through retrofit installation of optional
kits. Now, factory-installed controls provide greater convenience for oilheat service technicians and
reduced costs for homeowners.
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FLAME RETENTION OIL BURNERS

Beginning about 1952 in commerci al burners, and introd
the Flame Retention concept has proven to be a historic advance in oil burning technology. The Flame Retention
Burner is almost universallyc har act eri zes the fistandardo burner. The FR
improvements in overall oilheat equipment efficiency while simultaneously reducing the number of burner-related
service calls. The combustion head of the FR Burner has a series of radial, and sometimes circular, slots that
establish a rotation to the air discharge pattern by their tangential discharge design. High velocity air is forced
into the oil spray immediately as it leaves the nozzle, and the resulting quickly formed mixture burns sooner and
qguicker than the older type of burners. The flame front begins a fraction of an inch from the discharge slots. The
resulting flame is smaller, therefore hotter, than a flame from the older burner. The flame sustains its own
gasification, mixing, and combustion processes and is not critically dependent on an insulative combustion
chamber. The pressure drop is high through the restrictive head and pulsation, including the initial ignition
pulse, cannot push into the burner head. Because of simplified combustion chamber design and restricted
burner head exposure, nozzle heat damage is diminished. If the burner operates toward the low end of its

capacity range, the burner can supply draft requirements also and it becomes a forced-draft burner.

To attain the high air pressure required, the burner motor speed is usually 3450 RPM. The effect of this air
handling design is to create better air-oil mixing and contain the flame within the air pattern. This produces a
higher flame temperature with less excess air.

Flame retention burners typically operate with higher steady-state efficiencies partly attributable to better

oil-air mixing, therefore producing higher CO,and requiring less excess air. Also the higher flame temperature

improves heat transfer to the heat exchanger thereby lowering flue gas exit temperature.
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