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INTRODUCTION: 
This information is furnished by John Zink Company 
Gordon-Piatt of Winfield, Kansas for servicemen, 
installers and engineers of gas conversion equipment. 

GAS BURNERS: 
The American Gas Association defines a gas burner as "a 
device for the final conveyance of the gas, or a mixture of 
gas and air, to the combustion zone." 

This definition introduces the two factors involved in the 
combustion process -- Gas and Air. A ratio of ten parts of 
air to one part of natural gas is generally used as the 
approximate theoretical amount of air required for com
bustion. The amount of excess air required in practice 
depends upon several factors, notably; uniformity of air 
distribution and mixing, direction of gas travel from burn
er, and the height and temperature of the combustion 
chamber. 

The heat lost in excess air represents waste heat, and prop
er burner design will help reduce this to a practical mini
mum. In practice, 20% to 30% excess air is found to pro
vide reasonable assurance of satisfactory combustion with
out seriously lowering burner efficiency. Attempting to 
operate burners at lower percentages of excess air is not 
practical in most heating installations since the small 
improvement in efficiency which can be realized may not 
offset the hazardous and troublesome conditions created. 

The ordinary combustion analyzing equipment readily 
checks for carbon dioxide to give an indication of burner 
operation. For this reason burner operation is often speci
fied as producing a given percentage of CO2 without car
bon monoxide (CO). For a 20% to 30% excess air condi
tion, when burning natural gas, the corresponding CO2 
percentages are approximately l 0% and 9%. These fig
ures vary slightly with different natural gases and are 
therefore given as approximations. 

Other factors besides burner design affect minimum allow
able amounts of excess air. Improper installation which 
does not properly control and direct secondary air will 

. cause shortages of air in some sections of the burner flame, 
resulting in production of CO. This may be over come at 
the sacrifice of efficiency, by increasing the total amount 
of secondary air to the point where no part of the burner 

flame is short of air. Manufacturer's installation instruc
tions should be faithfully followed. 

Attempting to bum too much gas in a given furnace vol
ume may result in lowering efficiency and improper com
bustion. The Steel Boiler Institute requires l cubic foot of 
furnace volume for each 140 sq. ft. of steam rating. If a 
furnace or boiler is to be fired at a higher rate then a high
er base should be considered to provide additional furnace 
volume. Draft requirements above l 00% of rating are 
especially critical, for example: A boiler operated at 200% 
of rating will require four times the draft that is required for 
operation at l 00% of rating. 

Expense and space requirements may make operation 
above rating a requirement, and there is a growing practice 
to specify new boilers to handle loads as large as 150% of 
boiler output rating. This practice is encouraged by boiler 
manufacturers and cannot be considered as unsound. 
However, operation and fuel costs under these conditions 
are not the same as would be found in boilers operating at 
l 00% of rating. 

BURNER TYPE SELECTION: 
Gas burners in common use are atmospheric upshot or ver
tical flame, atmospheric inshot or horizontal flame and 
power burners which are usually of the horizontal flame 
type. 

Atmospheric gas burners depend on the energy of the gas 
issuing from the orifice and draft through the furnace or 
boiler to provide the necessary combustion air. Power 
burners use a blower or fan to provide the combustion air. 

Each type of equipment has advantages over the other and 
conditions of service are usually the determining factor in 
the choice of burner. 

The advantages of atmospheric burners may be listed as 
follows: 

l. Lower first cost. 
2. Ability to operate during power failure. 
3. Less maintenance cost. 
4. Lower installation cost. 
5. Quieter operation. 

Item 2 above is especially important on burners for hospi
tals, rural areas, and straight heating loads. 
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I. Less subject to fluctuating draft. 
2. Operates on less draft. 
3. Package installation. 
4. More positive operati0i1. 
5. High rate of heat release for a given combustion vol

ume. 

While items I and 2 above are important, they are mis
leading if not explained. The fallacy that such a burner can 
force products of combustion through a furnace or boiler 
has been promoted by some. If this were attempted it 
would create a positive pressure in the combustion cham
ber with leakage of combustion products especially during 
the critical startup period when combustion would be poor
est. In some down draft or revertible flue appliances the 
only practical conversion unit is a power burner. This 
application does operate with a positive firebox pressure 
during startup. This is not a recommended condition but it 
is accepted where the duration of the positive condition is 
short. When the condition does not correct itself almost 
immediately after startup an induced draft fan should be 
considered. 

The duty of the fan in a power burner is to overcome only 
the draft loss through the burner and to distribute and mix 
the air with the fuel just prior to combustion or during com
bustion. Attempting to let the burner blower draw air into 
the boiler room and/or force the products of combustion 
through the boiler into the chimney will lead to poor oper
ation and hazardous conditions. The draft loss through the 
flue passages of a boiler fired at a given input is constant 
regardless of type of gas burner used, and this draft loss 
must be overcome by negative pressure in the breeching 
except in the case of packaged units designed for pressur
ized fireboxes. 

For the customer who has adequate draft on a new boiler or 
has been operating with sufficient draft with some other 
fuel, the additional expense of a power burner cannot be 
justified from the standpoint of draft. In fact, the use of a 
power burner to overcome a faulty or low draft condition is 
to operate near the danger point. Where poor draft condi
tions exist or will exist because of low chimney design, an 
induced draft fan should be used if the condition cannot be 
remedied. 

Power burners should be considered primarily for the other 
advantages listed. These advantages offer the most real 
good to the contractor and customer. 

"Package installation" indicates savings in time and labor. 
The factory assembly and wiring of the complete burner 
and major controls, provides a neater job at lower cost than 
is possible with the labor on the job. Perhaps even more 
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1mponant, tne components alter assembly and wiring can 
be tested for safety and correct operation. 

Operation of power burners is "more positive" since the 
air-fuel ratio is determined by blower operation and is rel-_ --..,_ 
atively unaffected by fluctuations in furnace draft. The.; j 
ability to adjust and control more precisely the quantity and' 
distribution of combustion air during the critical period of 
startup is an unique feature of forced draft operation. 

The ability to direct and control air also promotes "higher 
rates of heat release in a given combustion volume". This 
is due to the more rapid burning achieved when mixing of 
gas and air is accomplished quickly and thoroughly. This 
effect is usually accompanied by an increase in the noise of 
combustion. 

The rapid combustion develops high flame temperatures 
which increase heat transfer. This along with less excess 
air due to the precise control will enable the forced draft 
burner to perform at high overall efficiency. These consid
erations make the power burner a logical choice for speci
fying architects and engineers. 

Another feature of most power burners is inshot design. 
This is not an exclusive feature since atmospheric burners 
of inshot design are available. The primary advantages of 
inshot design are ease of service and long life. 

Inshot burners are easy to service since all parts are outside 
the firebox. They expose a small area to the heat of the 
combustion chamber. The latter is especially true of forced 
draft burners since they usually have a small nozzle area in 
comparison to natural draft burners and are often made 
with refractory for additional resistance to high tempera-
ture. 

Inshot burners do not occupy any furnace volume; a feature 
which may be especially important at high firing rates. 

All of the advantages are not with the inshot design, how
ever. Upshot burners may be designed to support a refrac
tory top to minimize or eliminate damage from heat. Many 
manufacturers, contractors, and engineers prefer upshot 
burners for firebox boilers and furnaces for the following 
reasons: 

I. Heat is applied only to boiler or furnace heating sur
face. 

2. Heat is liberated from a surface similar in location 
and size to the coal grate for which most types of 
heating plants were designed. 

3. Expensive combustion chamber construction is elim- •"\ 
inated. ...,,I 

4. Heat is not lost through combustion chamber floor 
and walls. 
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Horizontal firing burners are use in Scotch Marine Boilers, 
horizontal return tubular boilers, and boilers with extended 
refractory combustion chambers. The refractory walls of 
the HRT boilers and boilers with extended combustion 
chambers will create high temperatures and reflect heat 
which makes the removal of the burner to the outside of the 
combustion chamber desirable. 

Horizontal flame burners are also used on equipment 
where oil as a standby fuel is to be used. In the areas where 
standby fuel is required, gas will still be the primary fuel 
and highest efficiencies should be provided by the gas 
burner. 

An inshot power burner is the logical choice for this appli
cation, all of its advantages; compactness, resistance to 
heat, etc. are even bigger advantages where a standby 
application is required. Where oil is the standby fuel, some 
sort of protection is necessary for the oil burner to prevent 
exposure to gas flame while the oil burner is idle. Such 
protection should be automatic and proper safeguards must 
prevent any possibility of the protection adversely affect
ing operation due to mechanical failure of the protection 
mechanism. The problem of protection is one of the most 
difficult phases in the whole problem of dual-fuel burners. 

Lighter fuel oils are the most popular choice for standby 
fuels, although all other fuels are used successfully at 
times. Availability and automatic operation with inexpen
sive equipment are primary considerations which make 
light fuel oils especially suitable. 

BURNER SIZING: 
In selecting a burner for an application, the correct size of 
burner is the first consideration. This is not difficult if the 
heating load is known. Burner Manufacturer's catalog 
sheets usually give information on the amount of heating 
plant load that can be delivered using a given burner. This 
involves the assumption of a combustion efficiency. 

Where the load is not known, it is common practice to fire 
the heating plant near its rating. The rating can usually be 
determined from the manufacturer's number or by measur
ing the heating surface. 

In selecting the correct burner after the proper input is 
known, several factors must be considered. First, impinge
ment on a water backed surface is to be avoided especially 
in the first few inches of flame leaving the burner port. 
Therefore, burners are usually narrower than the combus
tion chamber by several inches. In general the burner 
should not be closer than 4 inches from the sides, although 
this can be lessened if sidewalls are divergent. 
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The burner should be selected and installed so as to achieve 
maximum travel of flue products through the appliance. 

The gas supply pressure is also important to the selection 
of a burner size. A review of the catalog information on 
burners will indicate recommended operation and illustrate 
the savings in burner size through use of higher gas pres
sures. 

CONTROLS: 
When specifying the burner, the correct controls are just as 
important as the correct burner. 

Straight off-on operation is satisfactory for most types of 
heating applications. On larger jobs, step firing and mod
ulating controls are often used. Vertical firing burners lend 
themselves to step control more readily than to modulating 
operation since maintaining the correct quantity and good 
distribution of secondary air becomes difficult if not 
impossible when throttling type of controls are used over a 
wide range of inputs. 

Throttling controls are quite satisfactory for horizontal 
application. However, the amount of variation that can be 
achieved with throttling controls is limited. Burner opera
tion on less than 1 inch of water column gas pressure is not 
recommended. Therefore, in order to throttle a burner over 
a two to one input range with l" wc minimum pressure, the 
gas pressure at the orifice must be varied from 4 inches wc 
to l inch wc, the gas pressure being proportional to the 
square of the quantity of gas flowing. For a throttling 
range of 3 to l, nine inches of gas pressure must be avail
able; and for a range of 4 to l, sixteen inches or more than 
l/2 pounds per square inch gas pressure must be available. 
Thus it can readily be seen that where higher gas pressures 
are not available and a wide range of inputs is desired, a 
step firing arrangement is the most economical and practi
cal method. 

DRAFf CONTROL: 
For all types of fuel burning equipment, draft control is 
essential since variable draft will affect operation efficien
cy. In small domestic heating plants a draft diverter will 
suffice. This produces zero draft at the outlet of the appli
ance and the available draft for the burner is obtained from 
the column of hot gases in the appliance. 

Larger heating plants required draft at the appliance outlet 
in order to maintain satisfactory combustion. Obviously, 
equipment of this type cannot be operated with a draft 
diverter. However, some sort of draft control is necessary. 
For this purpose, barometric draft controls are standard. 



They are usually selected to have a free opening equal to 
the breeching to which they are attached. These controls 
should be of gas type which can open outward to relieve 
downdrafts or pressure due ~o blocked chimneys. 

Other types of draft control must be considered on larger 
jobs, especially where changes in firing rate are to be used. 
Each manufacturer and engineering group has preferences 
which may differ widely but still be satisfactory. 

The local utilities requirements should be followed in 
selection of venting and draft control methods. 

FACTORS TO CONSIDER IN COMBUSTION OF 
NATURAL GAS: 
Each cubic foot of gas requires ten cubic feet of air for per
fect combustion. 

An excess of air is required to assure satisfactory combus
tion under varying conditions of atmospheric pressure and 
temperature and also under variations in gas pressure and 
BTU content. 

The normal excess is from 20% to 50% which will mean a 
total of from 12 to 15 cubic feet of air per cubic foot of gas 
burned. 

The above amounts of excess air correspond to readings of 
about 10% and 7% carbon dioxide (CO2) in the flue 
gases. 

A shortage of even 2.5% of the necessary amount of air for 
perfect combustion will result in not less than 1.3% carbon 
monoxide (CO). This is over 30 times the amount con
sidered to be the maximum for safe operation. 

The maximum acceptable percentage of CO in flue prod
ucts is set at .04% by the AGA. 

While excess air represents safety, it also represents 
decreased efficiency. Therefore, excess air above 500/o is 
not desirable. However, attempted savings by cutting 
excess air to less than 20% can result in excessive service 
calls due to pilot troubles and lower efficiency due to 
unburned fuel in addition to being an inadequate combus
tion safety factor. 

Operation in the range from 20% to 50% excess air indi
cates combustion efficiencies sufficiently high as to make 
attempted savings by decreasing combustion air unneces
sary for most domestic installations. 

Air openings into domestic furnace rooms should be at 
least l square inch for every 1000 BTU/hr input. A.G.A. 
recommends two such openings to allow for possible cov
ering of one. 
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The above openings are designed to allow at least 150% of 
necessary combustion air plus an equal amount for dilution " 
of flue products through the draft diverter. 

Large installations may be cut down to a minimum figure .· ·": 
of l square inch for every I 0,000 BTU/hr. Larger openings J·' 
are desirable. 

Draft diverters are designed to prevent varying chimney 
draft conditions from affecting burner operation and mini
mize effect of down draft on burner operation. 

Barometric draft diverters tend to control draft at the boil
er breeching and are important for satisfactory operation of 
larger burners. 

Damper type draft controls of the type which control draft 
based on firebox conditions should be considered on large 
jobs where barometric draft controls become excessively 
large and sluggish in operation. 

Adjustment of Domestic Conversion Burners by the neu
tral pressure point method is fairly good method of obtain
ing satisfactory burner performance. This method, when 
used, should include careful scrutiny of the fire while set
ting this pressure point. Adjust the burner until the flames 
color is blue with rosy radiant tips and is not tinged with 
yellow, then set the pressure point near the door latch (as 
outlined by A.G.A.). With this procedure, good efficien- '\ 
cies are generally attained. J 

A flue gas analysis is the more accurate means of obtain
ing good combustion, however, and is recommended for all 
cases. 

CONSIDERATION IN SELECTING CONVERSION 
BURNER SIZES: 
Gravity Warm Air Furnaces-

BTU/hr input = Square inches warm air area x 238. 
BTU/hr input= Register output x l.75. 
BTU/hr input = Bonnet output x 1.33. 

Register rating based 136 BTU per hour per square 
inch of warm air leader. 

Bonnet rating based on 1.33 times register rating. 
Burner efficiency is 75%. 

Forced Warm Air Furnaces--
BTU/hr input = Bonnet output x 1.33. 
BTU/hr input = Register output x 1.60. 

Bonnet rating based on 1.18 times register rating. 
Burner efficiency is 75%. 
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Steam Boilers: 
A. GROSS loads include all piping losses, pickup, and 

radiation load. 
B. NET loads include only the radiation load. 
C. From STEAM systems there is 240 BTU/hr given off 

for every sq. ft. of radiation surface. 

For simplicity in calculations, consider 1000 
BTU/cu. ft. gas being used. 

For simplicity, and to be conservative in smng 
equipment, consider 72% as the combustion effi
ciency. 

THEREFORE, if the GROSS RATING of the boiler is 
known, the required input for l 00% firing rate is: 

CUBIC FEET PER HOUR= 

GROSS RATING (steam sq. ft.) x 240 BTU/hr/sq. ft. 
l 000 BTU/cu. ft. x . 72 efficiency 

or, to simplify, 

CFH = GROSS RATING 
3 

A factor of 1.4 * times the NET load is commonly used to 
account for all piping losses and pickup. Therefore: 

CUBIC FEET PER HOUR INPUT= 

NET LOAD (steam sq. ft.) l 4* 
3 X . 

* The factor 1.4 may be reduced to 1.2 for steel boilers 
(SBI) and 1.3 for cast iron boilers (IBR) above 5000 sq. ft. 
of net steam. 

Hot Water Boilers: 

A. GROSS loads include all piping losses, pickup, and 
radiation load. 

B. NET loads include only the radiation load. 
C. From HOT WATER systems there is 150 BTU/hr 

given off for every sq. ft. of radiation surface ( 180° 
water temperature). 

For simplicity in calculations, consider l 000 
BTU/cu. ft. gas being used. 

For simplicity, and to be conservative in smng 
equipment, consider 75% as the combustion effi
ciency. 
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THEREFORE, if the GROSS rating of the boiler is known 
the required input for I 00% firing rate is: 

CUBIC FEET PER HOUR= 

GROSS RATING (water sq. ft.) x 150 BTU/hr/ sq.ft. 
1000 BTU/cu. ft. x .75 (efficiency) 

or, to simplify, 

CFH = GROSS RATING 
5 

A factor of 1.3 * times the NET load is commonly used tc 
account for all piping losses and pickup. Therefore: 

CUBIC FEET PER HOUR INPUT= 

NET LOAD [(water sq. ft.) x 1.3*] 
5 

* The factor 1.3 may be reduced to 1.2 for steel boilers. 

All cast iron radiation, convectors, unit heaters, etc. meas
ured in the rooms would be considered a NET load. Th{ 
piping and pickup factor is multiplied times the net load tc 
obtain the GROSS LOAD connected to that particular boil
er. 

It is advisable to compare the GROSS LOAD RATING ol 
the boiler to the ACTUAL ATTACHED GROSS LOAD ol 
that boiler. This would show if the boiler is overloaded. 



PRINCIPLES OF COMBUSTION 

1. Definition of Combustion - Commonly called burning. The rapid oxidation of a substance involving liberation of 
heat and light. 

2. Before burning or combustion can occur, the temperature must be raised to the kindling temperature. Kindling tem
perature varies with air pressure, amount of oxygen available, and fineness of particles. 

3. Natural Gas consists principally of methane (CH4) 80 to 95%, and other gases such as other hydrocarbons, CO2, 
Nitrogen, Hydrogen, etc. 

4. Burning of Methane Gas: 

Formula 

Balance 
Formula 

+ + 

+ + 

Air r-------~ Air Approx. 
1/5 or 20% 02 
4/5 or 80% N2 

+ 1 (2) 02 + (8) N2 I__. (1) CO2 + (8) N2 

(8) cf 
·-------· 

{l) cf + (2) cf + (8) cf __.. (1) cf + + (0) On Dry 
Basis 

Theoretical % CO2 or Ultimate CO2 
in perfect combustion of Methane Gas 

30% Excess 
Air 

10 cf 
Air 

Req'd. 
+ 

(1) cf CO2 

3 cf 
Excess 

air 

1 
9 = ll.1% CO2 

3 cf 
Excess 

Air 

%CO2 (1) cf CO2 
With 30% Excess Air (1) cf CO2+ (8) cfN2 + (3) cf Excess Air 12 

CAUTION: Too little excess air can produce a normal% CO2 (7 to 9%) but results in production of carbon monoxide, 
very poor efficiency, and sooting of boiler heating surfaces. 

Shortage of excess air is easily recognized 
with atmospheric burners by the presence of 
yellow flames. This is not true with our 
Turbofire burners, due to better mixing of the 
air and gas. The only safe way of determining 
the proper air adjustment is by use of a CO2 
analyzer such as a Bacharach "Firite" or other 
similar testing device. To make sure that you 
are not "over the hump" (see chart below) with 
your CO2 reading, open the air louver slightly 
more and see if the CO2 lowers. If the CO2 
raises, open the air louver farther and retest. 

AIR LOUVER OPENING 
1-1/4" 1-1/2" 1-3/4" 2" 2-1/4" ..--.---.--..----,---.--....---,....---.---r--....---, 600 

550 IL 
~ 

10.0 t-----t--t-Tt--f+---t---t----1~::.,0<:t---t--; 500 ~ 

~ ~ u 7 .5 450 U 

~ ~ 
5.0 l----+--+---..---++--+----l----<i----+--+---1----1 400 ~ 

2.5 !---+--+--◄--------~ -l---+--+---1----+--+---I 350 
"OVER THE HUMP" 

L--J._......__.,______._.......___..,_____, _ _._ _ __.__..____.300 
-10 0 10 20 30 

EXCESS AIR% 
EXCESS AIR vs. CO2 and STACK TEMPERATURE 

6 

0 
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DETERMINING THE FIRING RA TE FOR STEEL BOILERS 

u e X g X 

\ .s:= No. Indirect Tubes 
--

xLgth. __ 

No Direct T b s L th OD 

_L \\ '"---, 

- LI \ 
\ 

\ -- - -
' 

Breeching 

Dia. __ _ 

T 
\ . I 

I -------------------------- I - I 
I 
I 
I 

( 
I 
I 

I 

' 

l. Fire Boiler at Rating 
A. 1930 and earlier 
B. 1930 - 1950 
C. 1950 - 1960 (Conservative Engrs.) 

1950 - 1960 (Most Engineers) 
19 50 - 1960 ("Wishful Thinking" Engrs.) 

2. Determine Heating Surface of Boiler 
A. ASME Stamp 
B. Manufacturers Catalog 
C. Measurement 

I 
I 
I 
I 
I 
I 
I _L 

Firebo x Boiler 
ass) (3-p 

Base Ht. 

T 

Hand Fired IO sq. ft. HP 
Auto Fired 8.2 sq. ft. HP 
Auto Fired 8.2 sq. ft. HP 
Auto Fired 6.5 sq. ft. HP 
Auto Fired 5.5 sq. ft. HP 

( l 00% of Rating) 
(100% of Rating) 
( 125% of Rating) 
( 150% of Rating) 

3"/12" OD Tubes x 3.14 x __ Ft. Lgth. of Tubes x __ No.Direct Tubes = ____ Sq.Ft. 
3"/12" OD Tubes x 3.14 x __ Ft. Lgth. of Tubes X __ No.Indirect Tubes = Sq. Ft. 
Firebox Sides - - - - - 2 x ___ Ft. Lgth x __ Ft. Ht. - - - - - - - - - - - - - - - = Sq. Ft. 
Firebox Ends - - - - - 2 x ___ Ft. Width x Ft. Ht. - - - - - - - - - - - - - - - = Sq. Ft 

Total Square Feet ==== 

3. Firing Rate = ____ HP x ____ % Rating X 45 MBh/HP = _____ MBh 

EXAMPLE: From Survey of Boiler 
Base Ht. - l 7'' 
Breeching Dia. - 30" 

Direct Tubes - 3"/12" x 3.14 X 6.4' X 35 
Indirect Tubes - 3"/12" x 3.14 x 8.4' x 34 
Firebox Sides - 8 Ft. x 4 Ft. x 2 
Firebox Ends - 4 Ft. x 3.5 Ft. x 2 

Total Square Feet 

176 
224 

64 
28 

492 

(At 75% Efficiency) 
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Boiler HP 
492/8.2 = 60 HP @ l 00% Rating 
Firing Rate 
60 X 125% Rating x 45 M:i,h = 3,375 MBh 

3,375,000 Btu/Hr Input = 24 l GPH Oil 
140,000 Btu/gal #2 Oil . 




