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Combustion Efficiency

ÅAccording to DOE studies minimizing 

combustion air can deliver 35% savings



Combustion Efficiency ïWhy is it important?

ÅExcess air dilutes combustion resulting in:

ïA lower flame temperature

ïLess heat available for the load

ïMore waste heat in the exhaust gases

ïIncreased NOx

Optimum excess air for energy efficiency and pollution prevention:   10%

(yields 2% O2 in combustion gasses measured in exhaust)



Combustion Efficiency ïWhy is it important?

ÅExcess gas results in:

ïSoot in radiant tubes

ïLower flame temperature

ïUnburned fuel

ÅWasted energy

ÅFlammable exhaust

ïUnsafe gas emissions (higher CO)
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Oxygen sensors

ÅHistory

ïOriginally developed by NASA

ïCommercially developed by Corning / 

Zircoa in Glass Industry

ïABB / Cambridge / Kent applied to other 

applications

ïMMI pioneered heat treat applications

ïLambda sensors (cars) based upon same 

principal



Oxygen Sensors

ÅInstallation cost

ïHigh-temperature in-situ sensors

Å~$5500 hardware

Å$1500 - $5500 installation

ïLow temperature exhaust (hardware)

Å$6400 ïfour (4) points

Å$750 each additional point

ÅInstallation ~$1500 per point



Available heat

ÅAvailable heat chart republished by 

DOE in 2002

% Fuel Saving = 100 x (( %AH Target - %AH Actual) / %AH Target) 



Information required

ÅExhaust gas 

temperature as it exits 

the furnace, tube, etc.

Å% excess air or oxygen 

in the flue gas (actual)

Å% excess air or oxygen 

in the flue gas (target)



Super Systems Inc.

ÅProcess repeatability

ÅMaximum throughput

ÅMore uniform distribution 

of heat

ÅLonger radiant tube life

Other Benefits



Sensor Maintenance and Life

ÅOn-going maintenance cost

ïSensor replacements / application specific 

ïPumps

ïfilters

ÅLife

ïOpen fire forge heat (4 to 5 years)

ïRadiant tube / 3 to 10 years



Open Die Forging

ÅPerformed on:

ïIngot

ïBillet

ïBar

ïPre-form

ÅDeformation of a work piece without 

completely restricting metal flow



Documented Savings

ÅForge Heat Furnace

ï2200F 

ï7.2% initial O2 readings



Documented Savings

ÅFirst Phase

ïReduced excess O2 to 5.5%

ï20.5% reduction in metered gas 

consumption

ïAvailable heat chart predicted 20.81%

ïAnnual savings at normal operating levels 

is $53,874

ïCO2 reduction of 630,000 lbs (315 tons) at 

normal operating levels



Fuel Savings %
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Documented Savings

ÅFinal Goal

ïFurther reduction of excess 02????

ÅImpact on uniformity

ÅHot spots

ïImplementation on all 14 furnaces

ï$98,550 annual savings per furnace

ï8000+ ton reduction of CO2 at this facility


