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Introduction 
 

A technician should always answer the following questions before finalizing an install or service 
call. 
 

 ! Is it measurable?  
 ! Did I measure it?  
 ! Did I document my measurement? 
 ! Is it safe to leave the appliance or combustion system running or in operation? 
 ! Did I properly warn or alert the building occupants or supervisors of hazards? 
 ! Would it be safe for my family or me to live or work in this building? 
 

Anyone installing or servicing equipment should examine their own performance.  
 

This text is intended for use by students, installers, service technicians, and first responders.  
 

When installing new equipment and servicing existing systems, it is important to make sure 
the systems are operating within the measurable definitions of the equipment manufacturer 
and local code. Proper installation of combustion systems and thorough inspections can re-
duce loss of life, illness related to combustion by-products, property damage, liability and help 
reinforce confidence in consumers. 
 

It is impossible to cover every circumstance in the countless situations found in the field.  As 
instructors, authors and collaborators, this material is presented in an effort to provide infor-
mation that is accurate and field-tested. 
 

Material contained within this manual has been used to conduct seminars around North Amer-
ica for local HVAC and IAQ technicians, manufacturers, inspectors, fire safety and emergency 
response technicians, fuel suppliers and others.  
 

This text is a collaborative effort of several authors and contributors. 
 

The authors wish to express their gratitude to the growing number of technicians who test and 
measure the equipment installed or serviced, and who acknowledge the whole building as a 
factor in controlling air temperature, air quality, system efficiency and safety. 
 

This text contains three sections: 
 

CARBON MONOXIDE SAFETY 
 

This section is intended to help raise awareness to the generation, distribution, detection, 
remediation and prevention of carbon monoxide (CO).   
 

COMBUSTION ANALYSIS 
 

This segment is intended to present opportunities for economizing fuel & energy use by encour-
aging the diagnosis of flue gases from theory to manufacturers suggested measurements.   
 

BUILDING PRESSURE DIAGNOSTICS 
 

This section is intended to provide information on easy to use differential pressure tests that 
help troubleshooting the following problems; fuel pressure and orifice problems, air balancing, 
appliance venting, duct and building heat loss issues. 
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Important Pressure Measurements and Conversions 
  
PSI (Pounds per Square Inch) 
WC" (Water Column Inch) 
PA (Pascal) 
  
Atmospheric pressure at sea level = 14.7 PSI 
1 PSI = 27.7 WC " 
PSI (Standard unit of measure for oil burner pump pressures)  
 
 1 WC” = .036 PSI 
 
 WC” measurement commonly used in gas manifold pressure delivered to appliance 
burners (Typical natural gas pressure 3.5 WC”) (Typical Propane Pressure 11 WC”) 
  
External Static Pressure (ESP) in duct work commonly measured in tenths of WC " 
  
Draft pressure measurements in combustion system vents & chimneys commonly 
measured in hundreds of an inch WC. 
  
1 WC” = 249.0889 Pascal 
Pascal is a common building pressure measurement 
  
1 Pascal = .004 WC” 
  
Common Category I Vent Pressures (systems with non-positive exhaust pressures) 
-.02 WC” = 05 Pascal 
-.04 WC” = 10 Pascal 
-.06 WC” = 15 Pascal 
 
Standard atmosphere or standard conditions: Air at sea level at 59F when the atmos-
phere’s pressure is 14.696 psia (29.92 in. Hg). 
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Carbon Monoxide 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

Carbon monoxide (CO) is a toxic gas that can occur in homes and buildings when 
combustion by-products are generated and allowed to disperse.  CO is colorless, odorless, 
tasteless and is an asphyxiant.  CO is deadly.   
 
At low concentrations, CO can contribute to existing cardio and respiratory illnesses.  It can 
compound pre-existing health conditions and can go undetected as a cause in premature 
deaths. 
 
How is carbon monoxide formed?  How is it measured? 
 
Carbon monoxide is a result of unburned fuel.  Fossil fuels require specific ranges of oxygen 
and temperature to allow for complete combustion. 
 
CO production is commonly associated with insufficient combustion air.  However, excess 
introduction of combustion air (or insufficient fuel supply) can reduce flame temperatures to 
the point where CO is produced.  When any portion of a flame is reduced below 1128° F, CO 
will be produced.  Flame impingement on heat exchanger surfaces can also result in 
lowering flame temperature and CO production. 
 
If we completely burn all of the fuel and properly exhaust the by-products of combustion, 
there should not be any measurable CO. 

Heat Heat Heat 

N 
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Carbon Monoxide 

Certain requirements must be met for combustion to occur.  The quality of combustion is 
dependent upon and rated against the quality of the fuel and its potential to burn completely 
under perfect conditions. 
 
Fuel that has the potential to burn, like carbon fuels (C), must be surrounded by air or oxygen 
(O2) but not flooded with oxygen.  Ignition or flash point heat must be enacted and 
maintained.  Fuel, air and heat must all be present or combustion will not occur. In 
controlled combustion systems, fuel is forced into a combustion zone with limited time 
constraints because more fuel is being forced into the zone. 
 

TIME - TEMPERATURE - TURBULENCE 
 
Combustion is a very violent action.  Turbulence that are 
controlled help ensure complete burning of fuel and the 
maintenance of flame temperature.   
 
As an example, if the flame temperature is cooled and the 
turbulence is effected, all the fuel may not have the time to 
burn because it is being forced out of the system by the force 
of fuel entering. This fragile window of time that fuel has to 
burn has now been flooded with fuel that spills where it can or 
follows the strongest drawing forces, out of and below the 
ignition temperature zone. 

 
The following pictures of gas burners help illustrate how carbon monoxide is formed in some 
very basic and easy to see ways.  It must be remembered that all gas burners are designed 
to work with controlled fuel mechanisms and in environments that supply sufficient air and 
oxygen to the fuel at combustion.  These burners are designed to burn all the fuel that is sup-

plied. 

The ignition temperature of natural gas is between 1100° F and 1200°F with a flame 
temperature around 3,000°F.  The burner with nothing on it has conditions that allow for the 
complete burning of the fuel, and no CO is produced.  When a cold pan of water is set over 
that flame, a dramatic cooling of the flame occurs and the violent turbulence pushes or spills 
the unburned fuel out of the flame before it can fully burn , producing CO. 
 
As the pan surface heats up and the water begins to boil, CO generation may cease due to 
increased heat. (It is recommended that every gas range top burner be tested this way in 
front of the consumer to help educate them about intermittent carbon monoxide 
production.)  Additionally, it can also be demonstrated that a cooler flame also results in a 
longer time period for the water to boil.  This may be a fraction of fuel savings, but savings 
none-the-less and obviously less CO generation and dispersion into their living space. 
 

Ignition 

HEAT 
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