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Combustion Characteristics of Flameless Combustion
by Reactants Injection Conditions

Seong Weon Hong, Pil Hyong Lee and Sang Soon Hwang

ABSTRACT

The flameless combustion has been considered as one of the promising combustion technology for high ther-
mal efficiency, reducing NOx and CO emissions. In this paper, the effect of air and fuel injection condition
on formation of flameless combustion was analyzed using three dimensional numerical simulation. The
results show that the high temperature region and the average temperature was decreased due to increase of
recirculation ratio when air velocity is increased. The average temperature was also affected by entrainment
length. Generally mixing effect was enhanced at low entrainment length and dilution was dominated at high
entrainment length. This entrainment length was greatly affected by air and fuel injection velocity and dis-
tance between air and fuel. It is also found that the recirculation ratio and dilution effect were generally in-
creased by entrainment length and the recirculation ratio, mixing and dilution effect are the significant factor
for design of flameless combustion system.
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T,,. ' Average Temperature (K) Z, : Entrainment Length (mm)
D, : Air Nozzle Diameter (mm) K, : Recirculation Ratio
D, Fuel Nozzle Diameter (mm) MW/m®: Heat Intensity
S : Distance between Nozzles (mm) o) : Equivalence Ratio
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(a) Diffusion flame
Fig. 1. Comparison of diffusion flame and flameless
combustion.

(b) Flameless
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Fig. 2. Schematics of furnace.
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Fig. 3. Computational grid.
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Table 1. Operation conditions

D(V) | D) | S | ¢
3(196.4)
Effect of D, | 5(70.7) 1(33.15) | 20 0.7
Case 1) | 7(36.07) ' '
10(17.6)
1(33.15)
Effect of Dy
(Caso 2) | 30964 | 3668 | 20 | 07
42.07)
10
Effect of S
(Case 3) | 30964 | 163.15) | 20 | 07
30
3(229.1) 0.6
Effect of ¢
(Case 4) e v
3(171.9) 0.8
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Fig. 5. Definitions of entrainment length and exhaust
gas recirculation.
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ter at Case 1.
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Table 2. Comparison of Tae and Ky : Case 3

S=10 mm | §=20 mm | S=30 mm
Tave (K) 1,728.3 1,817.9 1,754.1
Ky 5.37 5.75 6.69
mmoj| A= 20 mmo] H|s}o] XA E%% ghelst
& Ak olg e dit= Y A= ¢ Jﬂxﬂ 5

ZNA =EHAR7E Wk EPEM 2
eEAE 10 mm 2o = Fotd =daart
Z7keta, 30 mm AL 4 AT} St
W e dabolet wrekelglct B4 aTle] S
wi7)7kse BREE AR 9 AEA e F4g] &
7 el "S- Ao] ZhAaEle] BHLEE ZFAA I
AR 9 AbstAle) ERtETte] 7k Aankgol
o 9k wystel AL T|Azka0] By
o ulo] B@ewst gadrky wogch vk
A Bt ol AeaeTt tEo] Kol
o e EaATS} 8|4 wIE 47 Srjet o -
o g wa7rz o] AREolof §e 2

J

ue
1
32
e

Table 3. Comparison of Tae and Ky : Case 4
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