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FUNDAMENTALS OF GASEOUS FUELS
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ANSI TEST GASES
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THESE TEST GASES ARE TAKEN FROM ANSI Z21.1 FOR HOUSEHOLD
COOKING APPLIANCES.  OTHER PRODUCTS REQUIRING CSA OR 
INTERNATIONAL APPROVAL MAY HAVE DIFFERENT TEST GASES.



ANSI GAS TEST PRESSURES
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THESE TEST PRESSURES ARE TAKEN FROM ANSI Z21.1 FOR HOUSEHOLD
COOKING APPLIANCES.  OTHER PRODUCTS REQUIRING CSA OR INTERNATIONAL 
APPROVAL MAY HAVE DIFFERENT TEST GASES.
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NATURAL GAS

There are six basic areas of our country in which Natural Gas is
Found
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The “High Inert” classification comes from the percentage of Nitrogen in the 
sample.
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MAJOR  CONSTITUENTS
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LIQUIFIED PETROLEUM
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MANUFACTURED GAS
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MANUFACTURERED GAS TYPICALLY  HAS A LOWER HEATING VALUE 
THAN NATURAL GAS AND CERTAINLY LOWER THAN LP GAS.



GAS FACTS—NATURAL GAS
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GAS FACTS‐‐LP
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GAS FACTS‐‐LP
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ALTITUDE CONSIDERATIONS
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CHARACTERISTICS OF GASEOUS FUELS MOST USED IN 
USA

The limits of flammability are always given as the percentage of gas in the gas-air 
mixture. 
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GASEOUS MIXTURES

It is not uncommon to find combustible gaseous fuels that do not fit neatly into the 
Natural, LP ( Propane and Butane ) or Manufactured categories.  In dealing with 
vendors in South America, the Caribbean, the Middle‐East and Asia, I have found a 
remarkable variety of combustible mixtures that exhibit significant differences in 
specific gravity and heating value relative to the “gas facts” given earlier.  It is very 
important to know as much about the combustible mixture as possible but 
certainly the HEATING VALUE and the SPECIFIC GRAVITY.  The simple excel chart 
following this slide will give a quick method for determining those two values.  The 
real problem lies in getting the vendor or bottler to declare the constituents in the 
mixture.  This may take some persuasion and time.  GE always required a letter of 
declaration from the primary supplier.
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PHYSICAL PROPERTIES OF PARAFFIN SUBSTANCES
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CALCULATION FOR TOTAL HEATING VALUE AND SPECIFIC GRAVITY  
OF GASEOUS MIXTURES

1.)  The individual constituents for the gaseous “mix” must be known along with their  
heating values and specific gravities.
2.)   Using an Excel spreadsheet, construct the table as show in the example above.
3.)   Multiply the contents of columns two and three and put the results in column four.
4.)   Multiply the contents of columns two and five and put the results in column six.
5. )  Add the values in  column four to get the TOTAL HEATING VALUE.
6.)   Add the values in column six to get the TOTAL SPECIFIC GRAVITY.
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INTERCHANGEABILITY OF GASES
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INTERCHANGEABILITY OF GASES (CONTINUED)
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WOBBE INDEX OF VARIOUS GASES
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BURNER ORIFICES
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Each orifice type has a specific “K” factor.  Please note that for  approach angles up 
to  60 degrees, the  “K” factor is roughly 0.80.
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BURNER ORIFICES (CONTINUED)

“K” VALUE

ADJUSTABLE ORIFICES

These orifices are typically found  in oven cavities where the change from 
natural to propane gas can occur. 

CIELO TECHNOLOGIES, LLC

22



GOOD COMBUSTION
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BURNERS FIRING IMPROPERLY

1) Yellow flames—even for propane or butane—this would be a terrible flame pattern.
2) Flame heights very irregular.
3) No distinct flame patterns.
4) Indications that there are considerable issues with pressure or pressure drop through the 

system.
5) Lazy flames indicating issues with primary air.
6) Evidence of sooting ( carboning ) that will produce  excessive CO.
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ISSUES

1.)  TIME TO LIGHT

2.)  FLAME CARRYOVER

3.)  BLOWING OFF OR LIFTING OF BURNER FLAMES

4.)  LAZY FLAME

5.)  FLASHBACK

6.)  PRESSURE LOSS IN GAS DELIVERY SYSTEM ( A REAL ENEMY)

7.)  ALIGNMENT OF BURNER ORIFICE WITH BURNER VENTURE

8.)  YELLOW-TIPPING

The following issues are very common to gas burners and burner systems.  Proper 
burner design and application can alleviate many of the problems that can occur. 
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PRIMARY AIR VS LIFTING
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This chart shows that the smaller the port size the greater the tendency for flames to lift from burner ports.  As port size  
is increased a higher percentage of primary air may be accommodated before lifting occurs.  It also shows that butane 
has a slightly greater tendency to lift from ports than natural gas.  On manufactured gas, the lifting limits are so high  
they are seldom reached on commercial burners.
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LIFTING LIMITS VS PORT SIZE
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This table shows that as the port size is increased, a greater  percentage of primary air is required 
to  preclude yellow tips.
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CRITICAL BURNER RELATIONSHIPS
1.) AIR SHUTTER DESIGN

2.) THROAT TO PORT AREA RATIO

3.) DISTANCE OF GAS ORIFICE TO BURNER THROAT

4.) ANGLE OF DIVERGENCE FOR VENTURE TUBE 
DOWNSTREAM OF THROAT

5.) LENGTH OF MIXING TUBE

6.)  PORT SIZE

7.) PORT DEPTH

8.) NUMBER OF PORTS, CONSEQUENTLY PORT LOADING

9.) PORT SPACING & NUMBER OF PORT ROWS
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IGNITION SYSTEMS
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IGNITION TYPES

1.)  STANDING PILOT

2.)  SPARK IGNITION

3.)  HOT SURFACE

4.)  HYBRID SYSTEMS

5.)  FLAME FAILURE DEVICES (FFD)

6.)  PIEZOELECTRIC

7.) MAGNITO IGNITION SYSTEMS

8.)  RE-IGNITION DEVICES

9.)  MATCH LIGHT
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STANDING PILOT IGNITION 
SYSTEM

The standing pilot system  has been around for years but is slowly being replaced by spark 
ignition or hot surface systems.  The thermocouple and gas tubing are connected into a control 
device that allows gas to flow when a solenoid in the gas valve is “made”.
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SPARK IGNITION SYSTEM

1.)  SPARK MODULE
2.)  SPARK ELECTRODES
3.)  IGNITION SWITCHES  ( VALVE SWITCHES )
4.)  IGNITION WIRING
5.)  IGNITION WIRING TERMINATIONS
6.)  GAS TUBING AND FITTINGS

TYPICAL SPARK IGNITION COMPONENTS
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CIELO TECHNOLOGIES,LLC

VALVE IGNITION SWITCH
SPARK MODULEELECTRODE TERMINATION

ELECTRODE TERMINATION 33

SPARK IGNITION COMPONENTS



SPARK ELECTRODE PLACEMENT

8:00 O’CLOCK POSITION

4:00 O’CLOCK POSITION

ELECTRODE

ELECTRODE

BURNER BASE

ISPHORDING BURNER

DEFENDI BURNER
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ELECTRODE TERMINATIONS & INSULATION

HIGH 
TEMPERATURE 
INSULATON

TERMINATION

Supply  Wiring
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HOT SURFACE IGNITION
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HOT SURFACE IGNITION

IGNITION SURFACE
CERAMIC BLOCK
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HOT SURFACE IGNITION
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HOT SURFACE IGNITON
MININUM REQUIREMENTS

1. MATERIALS AND APPLICATION REQUIREMENTS CRITICAL

2. VERY HIGH TEMPERATURES EXPERIENCED IN CONTINUOUS FLAME

3. MATERIAL MUST HAVE VERY RAPID HEAT-UP TIME. ( UNDER 4 SECONDS 
FOR APPLIANCES.)

4. ACCEPTABLE SERVICE LIFE

5.   MATERIAL  SHOULD  BE AS ROBUST AS POSSIBLE TO WITHSTAND 
SHIPMENTS

6.   VOLTAGE COMPATIBLE-12V, 24V, 120V and 208-240V SYSTEMS AVAILABLE

7.   NO ELECTRICAL NOISE

8.   HOT SURFACE RE-IGNITION SYSTEM—SENSES FLAME AND TURNS ON 
CONTROL ONLY WHEN IGNITION IS REQUIRED
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HOT SURFACE IGNITION
QUESTIONS TO ASK

1.)  TIME TO TEMPERATURE

2.)  ROOM TEMPERATURE RESISTANCE

3.)  TEMPERATURE RANGE—MINIMUM AND MAXIMUM

4.)  STEADY STATE CURRENT

5.)  IGNITER MATERIAL

6.)  MATERIAL OF HOLDER ( CERAMIC BLOCK )—STEATITE OR 
CORDIERITE IS GENERALLY USED

7.)  WHAT TERMINATIONS ARE AVAILABLE

8.)  CONTROL SYSTEM COMPATABILITY

9.)  AGENCY APPROVAL

10.) LEAD WIRE LENGTH AND INSULATING CAPABILITIES
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FLAME FAILURE DEVICES
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FLAME FAILURE DEVICE
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THERMOCOUPLE SPARK ELECTRODE
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PIEZOELECTRIC IGNITORS

A piezoelectric ignition system is one in which a spring 
loaded hammer impacts a quartz or PZT crystal.  When 
the crystal is deformed, a voltage is created.  This voltage 
is great enough to “jump a gap” thereby creating a spark 
and igniting a combustible gaseous mixture. One popular 
use is providing the ignition source for a barbeque grill.
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RE-IGNITION SYSTEMS

RE-IGNITION SYSTEM IS DIFFERENT FROM FLAME FAILURE SYSTEMS IN THAT THERE IS AN 
EFFORT TO RE-LIGHT THE BURNER FLAME WITH ANY FLAME OUTAGE.   AN FFD MERELY 
CLOSES THE FLOW OF GAS TO THE BURNER AFTER A LOSS OF FLAME WITHOUT TRYING 
FOR RE-IGNITION.  RE-IGNITION SYSTEMS CONTINUOUSLY MONITOR THE PRESENCE OF 
THE BURNER FLAME.
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TROUBLE-SHOOTING IGNITION SYSTEMS

1.) STANDING PILOT

2.) SPARK IGNITION

3.) HOT SURFACE IGNITION

4.) FLAME FAILURE DEVICES (FFD)

5.) RE-IGNITION SYSTEMS
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TROUBLE-SHOOTING   SPARK IGNITION SYSTEM

1.)  GROUNDING

2.)  POWER 

3.)   ELECTRODE SPACING

4.)   BURNER CAP OR TARGET

5.)  IMPROPER WIRE TERMINATIONS

6.)  TERMINATION CRIMP HEIGHTS

7.)  CRACKED ELECTRODE CERAMIC

8.)  IMPROPER SPECIFICATION  FOR WIRE INSULATION 

9.)  “DAISY-CHAIN” VS DIRECT WIRING

10.)  VALVE SWITCHES NOT SEATED PROPERLY

11.)  VALVE SWITCHES WITH CAM IN WRONG   POSITION

CIELO TECHNOLOGIES, LLC 46



TROUBLE-SHOOTING HOT SURFACE 
IGNITION SYSTEMS

1.) ELECTRICAL CONNECTIONS

2.)  VISIBLE ABNORMAL AREAS ON SURFACE

3.)  OILS AND /OR DIRT

4.)  “GAP” BETWEEN IGNITOR AND BURNER IGNITION PORT(S)

5.)  RESISTANCE

6.)  CRACKS IN  “HOLDING” CERAMIC

7.)  ELECTRICAL TERMINATIONS
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TROUBLE-SHOOTING STANDING 
PILOT SYSTEMS

1.) GAS LEAKAGE

2.)  FERREL

3.)  PILOT HOODS

4.)  LINT AND DEBRIS

5.)  SPACING

6.)  THERMOCOUPLE

7.)  INTERFACE BETWEEN THERMOCOUPLE AND CONTROL

8.)  SOOTING
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TROUBLESHOOING FLAME FAILURE DEVICES

1.) SOLENOID VIABILITY

2.)  THERMOCOUPLE IMPROPERLY SPACED

3.)  ELECTRICAL TERMINATIONS AND WIRING

4.)  GAS PASSAGEWAYS

5.)  PRESSURE DROP IN SYSTEM

6.)  LOW SUPPLY VOLTAGE TO SPARK MODULE

7.)  THERMOCOUPLE SEATED IMPROPERLY
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1.)  VALVE SWITCHES SEATED IMPROPERLY

2.)  LOW SUPPLY VOLTAGE TO SPARK MODULE

3.)  HIGH RESISTANCE ELECTRICAL CONNECTIONS

4.)  ELECTRODE OR HOT SURFACE SPACING IMPROPER

TROUBLE-SHOOTING RE-IGNITION SYSTEMS
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I WOULD LIKE TO THANK THE ASGE FOR MY 
INVITATION AND HOPE THE PRESENTATION WAS 

BENEFICIAL TO  YOU ALL.


