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Energy Tips—Process Heating

Check Burner Air
to Fuel Ratios

Periodic checking and resetting of
air-fuel ratios for burners is one of the
simplest ways to get maximum efficiency
out of fuel-fired process heating equip-
ment such as furnaces, ovens, heaters,
and boilers. Most high-temperature
direct-fired furnaces, radiant tubes,

and boilers operate with about 10%

to 20% excess combustion air at high
fire to prevent the formation of danger-
ous carbon monoxide and soot deposits
on heat transfer surfaces and inside
radiant tubes.

For the fuels most commonly used by
U.S. industry, including natural gas,
propane, and fuel oils, approximately

1 cubic foot of air is required to release
about 100 British thermal units (Btu) in
complete combustion. Exact amount of
air required for complete combustion of
commonly used fuels can be obtained
from the information given in one of the
references. Process heating efficiency is
reduced considerably if the combustion
air supply is significantly higher or lower
than the theoretically required air.

Air-gas ratios can be determined by
flow metering of air and fuel or flue gas
analysis. Sometimes, a combination of
the two works best. Use the Available
Heat Chart on page 2 to estimate the
savings obtainable by tuning burner
air-gas ratios. The excess air curves

are labeled with corresponding oxygen
percentages in flue gases.

To figure potential savings, you need to
know:

* The temperature of the products of
combustion as they leave the furnace.

 The percentage of excess air or oxygen
in flue gases, at which the furnace now
operates.

* The percentage of excess air or oxygen
in flue gases, at which the furnace
could operate.

On the chart, determine the available
heat under present and desired condi-
tions by reading up from the flue gas
temperature to the curve representing
the excess air or O, level; then, read left
to the percentage available heat (AH).
Calculate the potential fuel savings:

% Fuel Savings = 100 X ((%AH Desired
- %AH Actual ) / %AH Desired)

Example

A furnace operates at 2,400°F flue gas
temperature. The optimum ratio is 10%
excess air (2.1% O, in flue gases), but
tests show an actual ratio of 25% excess
air (4.5% O, in flue gases). The chart
shows an actual available heat of 22%
compared to an ideal of 29%.

Fuel Savings = 100 X ((29-22)/29)
=24%

Factors Affecting Excess
Air Level Requirements

Combustion systems operate with
different amounts of excess air between
high and low fire. Measurement of
oxygen and combustibles such as carbon
monoxide in flue gases can be used to
monitor changes in excess air levels.

For most systems, 2% to 3% of oxygen
with a small amount of combustibles—
only 10 to 50 parts per million—indicate
ideal operating conditions.

Processes that evaporate moisture

or solvents need large amounts of
excess air to dilute flammable solvents
to noncombustible levels, to ensure
adequate drying rates, and to carry
vapors out of the oven. Lowering excess
air to minimal levels can slow down the
process and create an explosion hazard.
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Suggested Actions

To get the most efficient perfor-
mance out of fuel-fired furnaces,
ovens, and boilers:

1. Determine the best level
of excess air for operating
your equipment.

2. Set your combustion ratio
controls for that amount of
excess air.

3. Check and adjust ratio
settings regularly.

References

Combustion Technology Manual.
Published by Industrial Heating

Equipment Association (IHEA),

Arlington, Virginia 222009.

Maintenance and Adjustment Manual
for Natural Gas and No. 2 Fuel Oil
Burners. Technical Information
Center, U.S. Department of Energy
(DOE).

Handbook of Applied Thermal Design,
edited by Eric C. Guyer. Published by
McGraw Hill Book Company.

Resources

For additional information on process
heating system efficiency, to obtain
DOE’s publications and Process
Heating Assessment and Survey Tool
(PHAST) software, or learn more
about training, visit the Industrial
Technologies Program Web site at
www.industry.energy.gov.




T HEARTE
.

; s SR HANEITHRESHPEEFSHER ER L RSHAFIN IS REEELS
TR E—— T I 4Ll W aEs, Mﬁ'ﬁﬁ‘fﬁm%“u%ﬁ%ﬂﬂ%
ST CBPTMETMESEEESEE Qe A AP eI R

_LE,‘JH:ﬁI] K s 45z = H- s T0O
RSB ET 21, 3B A
WEMRRIPRZ SRR mums, jmen romasns o8
WERIN T LR E e, DOTUINES TETUNILE) W
B e AT s, Wi EEHEAAR (AH) e
M SIBILL BT E R EH EHE A ~ EIEEAITTEh

fo, @iEMREaEn. m. mas B .
¥ AT WBERLR, EEFSRIPPIRB RS

FERIP., BABHEREE KB NN R ] e s

e BASHBRIERXIR  AEEEOANSAR BOMEE, BRI AT

200% ML BES, BHEKLEA MR SR (%) = 100 x ( FEHE | BRI AT B SRR

AEN—SWEKR URBLEEERER HAEZELL - SSEREELL ) /F 2. Y BRIE EL 135 i B B R R E A L i

FEEHERNEEAERETIR. EETA Bk FME SRS

B R RS, FERkR 3. EEXSLL B E I TR E A

H, EMETEBERETEER36R — P

BRI (3.6 gee, BK100 Btu) HIEEE, 2 SEZM

FEAL0.03 K (AT HER ) —$RIAEE1316 %EEF (BI24004£ K ) GRBEHARERD) . TR E NS

WES. EARRETEenEnE | WESBETET. SRESORELS  (uea) gijE, MRE, BEFIT 2000,

ZENMmIN=SERT MRS RES T 210% (& EJ"“F@E{'E‘J%]% ’ Combustion Technology Manual. Published

&% #i‘_l'q: B3|, MPBRIRTS M 1HKEEMU1K%HH+BITE’]LEI_\ttj]25% (_ by Industrial Heating Equipment Associa-

HKEBEESTHMTFERLTSIEKRE, ASEESPRIELGIAL5%) . RIFER tion (IHEA), Arlington, Virginia 2009.

TZMARIMERE S KKMERK. Br FIERE 53’(?2':%[:[:5'\]22%, miE4a T —

KA TR ELL A29%. S e G

S-S LA PUE I A = S AR T RS THBAAELL A VIR, %lilﬁ'éi“ﬁlllﬁ*ﬁ%ﬂ:”l}o

UILEVI'E_SZL_ THRESEL2HEH. F BRRIFEE =100 ((29-22)/29)=24% Maintenance and Adjustment Manual for

gggﬁ;ﬁgf?ﬁ %lﬂﬁﬁfﬁ %ig% Natural Gas and No. 2 Fuel Oil Burners.

JFR=E E n B TESE Technical Inf tion Center, U.S. D t-
B AT RPN E S-S, MRS ,?‘/ﬂrﬂ] HE=SLAIRER rr?gnplcffaEnne:g;n?DgE). e o
WaeE A\, TETSL L RE N MRAGERKNF[IARETHEEETS
MEStEHBERRETESR. BARKENR. ERSMSEY (NES Rz F#E 1i% 3T MY, Eric C. GuyerE

Eg—a ek ) BOMIERT LSk ﬂ“LE 48, McGraw Hill Book Company H A .
HEEBENTRE, FTEMHE: TR TR. HFREHERESE | Handbook of Applied Thermal Design,
. s AR g LB 2% 23%H B LEMS MY (AR edited by Eric C. Guyer. Published by
RJGE P BT SRR I A210%]50 ) BEREMZEITRS McGraw Hill Book Company.
EERETRED

NEH—F TR IZMARFREEN
RS, RENEERFERIREUART

. =5 = %] kY EL
Available Heat Chart H¥HAEER EIAITEFIETE (PHAST) , 5
100 — BHE—F THEXMNE, FiHRER
% Fuel: Birmingham Natural Gas (37,320 KJ/m3, .06 sp gr) ﬁﬁﬁ%ﬂlﬂkﬁ*lﬁﬁmmﬁﬁ
- www.industry.energy.gov .
8 80
T 70
% % Excess Air (%0>)
Y 6o 0%
'§ 50 U.S. DEPARTMENT OF
< 40| 800(18:8) 00R ENERGY
§ 30 100019.2) 150 (13.1) 101
8 20000\ \ PR N N 2545 Energy Efficiency &
: 100 (11.0)
10 50 (15.4) Renewable Energy
o 60Q(18.2) \\200014.49)
o 538 1093 1649 EERE Information Center
Exhaust Gas Temperature’ °C 1-877-EERE-INFO (1'877'337'3463)

eere.energy.gov/informationcenter
Source: Calculations by Mr. Richard Bennett, published in Process Heating magazine, September 1997.
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