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Abstract—Pilot scale combustion experiments for two types of gas burner, namely 1- and 2-staged firing
burners, were carried out to examine the combustion characteristics of the burners for reheating furnace.
The mixture of commercial propane and nitrogen was used as the experimental fuel. For the 1-staged burner
prevailing in reheating furnaces, flame stability, flame shape, temperature and flue gas composition were
measured and analyzed over various experimental conditions. Performance comparison of the two types of
burner was done, also. Compared with the 1-staged burner, the 2-staged burner was found to be effective
in reducing NO, emission and in enhancing thermal efficiency.
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Fig. 1. Schematic diagram of the experimental apparatus.

1. Furnace 2. Water jacket
3. Burner 4. Fuel mixer
5. Flow mete - 6. Blower
7. Water tank 8. Pump
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Fig. 2a. Schematic diagram of the 1-staged burner.
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Fig. 2b. Schematic diagram of the 2-staged burner.
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Table 1. Nozzle dimensions of the experimental burners

Burner type 1-staged 2-staged
A{m?) 266X107* same as left
A,(m?) 3.15%x1073 541x1071
A(m?) — 1.69x1073
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Fig. 3. Limits of stable combustion for the experimental
fuel(N,;=50%).
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Fig. 4. Variation of flame dimension with air ratio(N,=65
%).
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Fig. 5. Variation of combustion temperature with combus-
tion capacity(N;=65%).
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Fig. 6. Variation of NO, formation with air ratio(N;=65
%).
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Fig. 7. Variation of NO, formation with N, content in the
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Fig. 9. Comparison of NO, formation between 1- and 2-

staged burners(N,=65%, air ratio=1.2).
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Fig. 10. Comparison of the transferred heats between 1-
and 2-staged burners(combustion capacity=5.6
X 10* kcal/hr, N,=65%, air ratio=1.2).

Table 2. Comparison of heat transfer between 1- and 2-
staged burners

Burner type 1-staged 2-staged

Heat input (kcal/hr) 56,100 55,500
Transferred heat upper 18,060 18,860
to cooling water lower 17,200 18,360
(kcal/hr) total 35,260 37,220
Transferred heat upper 32.2 34.0
to cooling water lower 30.7 331
———— X 100( %

Heat input 0(%) total 62.9 67.1
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NOMENCLATURE

A :area [m?]

Bfate H29A HM2E 191 49

R :radius [m]
. 2 1 1-(R/R)

S  :swirl number, S= 3 [ —I?(%/Ra—)z ] tan 6
u :velocity [m/s]
6 :swirler angle with axis [deg]
p :density [kg/m®]
Subscripts
a car
f  :fuel
P :primary air
s :secondary air
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