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Your Combustion System – How does it work?
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All fuels, whether natural gas, propane, butane, gasoline, or oil require a certain amount of

2oxygen (O ) to burn.   The oxygen can be supplied in its pure form, to develop an extremely hot

2flame at a high cost, or can be mixed with non-combustible gas (such as nitrogen, or N ) at virtually
no cost but at a lower heating potential.  Since the air we breathe is composed of approximately 20%

2oxygen and 78% nitrogen, let us use air as our O  source.

Requirements of Combustion

Next let’s consider how much air we need to burn a given amount of fuel. 

4The chemical formula for natural gas (or methane) is CH   (one carbon and four hydrogens).
Without getting too technical, I can tell you that 1000 BTU’s of any fuel requires 2 cubic feet of
oxygen (or 10 cubic feet of air) for stoichiometric combustion, a fancy term for complete combustion
of the mixture.  When we mix 10 parts of air and 1 part of methane, we get the following formula:

4 2 2 2 2 2CH   + 2 O  + 8 N  ––––>  CO  + 2 H O + 8 N  + heat   
         methane plus oxygen    yields   carbon dioxide plus water plus heat

          (note that the nitrogen travels through the combustion without a change)  

This example assumes the air to be pure and the gas to be pure and everything to be easy. In
reality the air has 2% other gases (not enough to really worry about), and the methane gas contains
all manner of other stuff.  In fact the exact composition of a gas supply is rarely consistent.  Most
of the time, in addition to methane, there will be traces of butane, ethane, propane, carbon dioxide,
and nitrogen present in any given sample.   Even so, unless we need to deal with a laboratory
situation, a simple ratio of 10 cubic feet of  air to 1000 BTUs of gas will almost always suffice.  This
rule holds true whether the gas is methane (which has about 1000 BTUs per cubic foot), propane
(2500 BTUs per cubic foot), or butane (3200 BTUs per cubic foot).  This means that to burn
completely, 1 cubic foot of methane requires 10 cubic feet of air, 1 cubic foot of propane requires
25 cubic feet of air, and 1 cubic foot of butane requires 32 cubic feet of air.

Mixing Air and Gas   

Now we must consider how to mix the air and gas.  

1. We could just blow raw gas through a hole and let it mix and burn in the open. This
is the simplest of burners and is known as an atmospheric burner.  It produces a flame which is long
and lazy. This is due to the inability of the air to mix with the gas fast enough via natural convection.

2. A better solution would be to employ an inspirator to utilize the pressure at which the
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gas is delivered to induce air into the mixture.  The BTU capacity of an inspirator can be precisely
figured because, given the gas pressure, the orifice size, entry conditions, and type of gas, there is
an Orifice Flow Formula that will calculate how many cubic feet of gas will pass through.  This
information is summarized in gas orifice tables for each size of orifice at various pressures.  

Having the gas volume gives us the BTU capacity, but doesn’t tell us how much air will be
mixed with this gas.  By convention, the energy of the gas stream can induce approximately 40% to
60% of the air needed, so for 1 cubic foot of methane we can get 4 to 6 cubic feet of air. The balance
of air is provided from the atmosphere at the point of combustion.  If we consider the pressure of the
gas coming out of the orifice, and its volume, and add the air at atmospheric pressure, we can see
that the mixture pressure developed is approximately 1/7th to 1/5th of the supply pressure
(generalizing the result by ignoring the fine details).  Of course, this result also depends upon the
selection of inspirator which must follow the same rules as the orifice flow equations.  A smoothly
rounded entry point with gradually opened throat will produce the highest efficiency flow, and allow
for the greatest air entrainment percentage. While an inspirator provides a better mixer than raw gas
out of a hole, it is still somewhat inefficient.  Due to its low cost, however, the inspirator is often the
mixer of choice in terms of both initial expense and operating expense.

3. The third and most widely used simple combustion system works almost the same
as an inspirator, except the air and gas have reversed their positions.  Now the air is pressurized to
provide the motive force to draw in the gas and, like the inspirator flow, can draw approximately 4
cubic feet of gas to 1 cubic foot of air.  This proportion gives an extremely rich mixture.  The gas
must be therefore be restricted to limit it to the correct gas-air ratio.  The gas is connected through
a specialized pressure regulator called a Zero Gas Governor, which reduces the gas pressure to
whatever the atmospheric pressure is at that time.  Proper combustion requires 1 cubic foot of
methane per 10 cubic feet of air, a 1:10 ratio.  Since this mixer system can draw so much more gas
than is needed, it is easily adjusted to either rich or lean as the process demands.  Adjustment of the
gas orifice will give this control.  Once the air volume is fixed and the gas is adjusted for that air
flow, the physics of mass flow take over.  This means that adjustment of the air volume will directly
correspond to the amount of gas dragged in. If we start with 10 cubic feet of air and 1 cubic foot of
gas and we turn down to 1 cubic foot of air, the gas will automatically decrease to 0.1 cubic foot.
Now we can control the firing rate using simple air volume flow controls like a butterfly valve or
needle valve.  This system is generally the one in use in bakery operations due to its simplicity,
reliability, and flexibility of heating patterns (each burner can be individually adjusted for the heat
input needed at that point of the cycle).

The final common type of combustion supply is a premix or mechanical system. This usually
entails a blower with a gas feed, in which the room air is drawn in, and the gas is forced into the
incoming air stream in such a way that the mechanical action of the rotating blower wheel thoroughly
mixes the air and gas.  This style mixer is generally used with large port area burners, but can be used
with almost any burner provided the feed pipe is large enough.  In other words, if the blower has a
2-inch diameter outlet, you will want to connect it to a 2-inch or larger burner feed.  If the burner is
smaller, then the air/gas mixture will back up in the blower and may create problems.
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Flame Safety and Exhaust Requirements

The essence of flame safety systems is the requirement that the fuel mixture will be ignited
without resulting in any part of the system reaching the LEL (Lower Explosive Level).  This is the
point below which the gas / air mixture will not support combustion (mixture is too lean). This is
accomplished first by purging any enclosed combustion chambers for the period of time it takes to
change the air 4 times.  Next we use a flame safety that starts ignition prior to allowing gas entry.
Under NFPA (National Fire Protection Association) rules, we have 10 seconds to attempt to light
and prove a burner, after which the system must be shut down. In addition, if the flame signal is lost
for any reason, the ignition must come back on instantly and if ignition is not proven in 4 seconds,
again the gas is shut off.

Gas Supply Valve Requirements

The NFPA requirements state that all burner must provide two automatic safety valves.
These are usually wired in series with the air pressure switch, low gas pressure switch, high gas
pressure switch, high temperature limiting switch, and purge completion switch.  This valve would
then shut down the entire system in case of any failures.  Systems utilizing less than 150,000 BTUs
require  no additions to the valves.  Between 150,000 and 400,000 BTUs  both safety shutoff valves
must have visual indica6tion of valve position.  Additionally, above 400,000 BTUs one valve must
also have a proof of closure switch interlocked to the safety system.  Factory Mutual (FM) and
Industrial Risk Insurers (IRI) require their own additions, either switches to prove valve closure or
vent valves between the main gas valves.
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