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A Numerical Study of the Combustion Characteristics in a MILD Combustor with the
Change of the Fuel and Air Nozzle Position and Air Mass Flow Rate
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Abstract : A numerical analysis of reactive flow in a MILD(Moderate and Intense Low oxygen Dilution) combustor is accom-
plished to elucidate the characteristics of combustion phenomena in the furnace with the change of fuel and air nozzle position
and air mass flow rate. For the case with the fuel nozzle located near center position of combustor, the reaction zone started at
the fuel nozzle and had inclined shape toward combustor wall when the air mass flow rate was relatively smaller. On the other
hand, the end of reaction zone moved toward center of combustor from combustor wall when the air flow rate was relatively
larger. For the case with the air nozzle located near center position of combustor, the reaction zone started at the fuel nozzle and
had inclined shape toward combustor wall when the air mass flow rate was relatively small, which was similar as the previous
case with smaller air mass flow rate. On the other hand, the end of reaction zone moved toward combustor wall when the air
flow rate was relatively larger. The maximum temperature increased as the air mass flow rate increasing for both cases, and the
concentration of thermal NOx increased also from the previous reason of temperature characteristics. The concentration of NOx
for the case with the air nozzle located near center position of combustor was considerably smaller than that for the case with
the fuel nozzle located near center position of combustor. From the present study, the case with the air nozzle located near center
position of combustor and theoretical air flow rate was the most effective condition for the NOx reduction and perfect combustion.
Key Words : MILD Combustion, Fuel Nozzle Position, Air Nozzle Position, Maximum Temperature, NOx
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Fig. 1. Schematic configuration of MILD combustors (a) fuel nozzle location : near center and air nozzle location : near outside
wall, (o) fuel nozzle location : near outside wall and air nozzle location : near center,
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Fig. 2. Comparison of flow patterns with the change of air velocity for the case with the fuel nozzle location near center and air
nozzle location near outside wall, vi=116 m/s, (@) va=20 m/s, (b) va=23 m/s, (C) va=26 m/s, (d) va=28 m/s, () Va=

30 m/s,
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Fig. 3. Comparison of turbulent reaction rate contour with the change of air velocity for the case with the fuel nozzle location
near center and air nozzle location near outside wall, vi=116 m/s, (@) va=20 m/s, (b) va=23 m/s, (C) va=26 m/s, (d) va
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ShoflAl A EgERe] F7EE&E] e daz Yo 7FeE 739-2l Fig. 3(d)2t (e)ollAl= dAautgd £ F&ol
s 5740l 2 Wehy] o] daEAdE ol wet @ gAs] drleE FO8 oJFF AS BET & de=d ol
< HEPE s A5 S Sdth Fig. 3o 37lEESE W € 2 37 2ol AdHeR stk A=t A
Shof] whg dAantEEE 2ES WA AS UERH R A= Ae Ak dielth 719 2%
Fig. 3¢l Uetdl A2vhg&es dRIIE Adaihbsse gol S7H Aol Hd dartS& e F7hsto] et
o]a WFS&w ol F7] ¥ 0.0001~0.01 kgmol/m’s® U AL 3elg 4~ 9t
22 HAE g5t

Fig.3& Aw s 27|R&4w Hslo] mel dankgr, 3.2, Z7|=Z0| HAZ FY 2Eof |5 AAZ |
= 3ol A4He FHE A W AS #Ee + S7|17E Hato| 2 AL Y
AUTh A va=20 m/s9] Z-(Fig. 3(a)) 5 AHEH HAavk oF HojA] A@wZo] Aiz 2ol 9|x]3t Ho0] o
SU7t dRes FodAs dRkeE SolA EXstrt AEAS AR 2 doAe 3750 d2E F
AR FYolAe 37 =& 502 A7 oA A ofo]] 9|3 Aol AXEAS AHKEI|E Fth T7|E
wEsh= AS & 5 Atk ol Fig. 2()0ll4 #EBIIR 2 £x7) 20 misel ASol| 9% FHE Fig. 4(a)o] LeR)
o] o] Folle A&7t EE3st] the A-f-oll vlsto] 45 ek 3719 BHES oA sedoA BEEsidsy o
74 BERTL HE £08 du vt R Ae ¥ET # Aoo| T7)0] HE ol Ao Asz o]o] 4/5 9]
Ue AL olgf 7oty B3 o] Hhe&E ghol e 72 AESLY Z7weZo] AL W 925 7Aoo
3712E 245G 2 Uehvs AE #@lE 4 A 3§ (Fig. 2(a)) P12 =o]9] 1/3 9|27 AESFH A} v|ws)
7IEE H=7 o7 SVt Fig. 3(b)e] 4%+ Fig. 3(a)2t el o w2 A7 ARk AS FIF 4 Qlek A
Aanbed Fele vl S HojEoh ohab Aot 27t AaR AR IAFshs A 3] 8l oal oA
&= Fdighe] ot AA yEhdal vk F71EE7) Hi e AL HEY 4 9k FVEELTEIF 23 misof
26 m/sQl -2l Fig. 3(c)oll A= AARE-tH7t Bl A MEE 30 m/s7hA] H3HE go] SEREYS AgRy 27
ojgste] A £ Fi0] AR kS S22 A= Ao 7} dam ARE JEshs o] distes 20 m/set &
FIdE B = Q= ole 3719 2E EEol T AFSE AS o 2 it vhgk 3] EE&Ev) Zrbehd 3
7¥ste] AR7F © ARE A SRk e dAlske] o 7] B2 = A E 9% wj7|7tATF SEE Ho| Z7}s)
ARbEHZE MEoR A= A WA fEes & I Qs AL I3 4 9k
T Atk danke&=e] gk oo FUIEE Aol T EE& 0] Bl wet dAuke&E Exo| ws)
vlste] S71eE A& AT & A FVIEESEE W T E4S Fig. 50l VJeRfTh 37 EE4E7} 20 misY

I Joumal of KSEE| Vol.33, No.5 | May, 2011



R TEY@EE 3

E IR 37| 2 B0 2 MILD i SMof| 2k s{AI A o172

2.00e+01
2.88e+01
2.79e+01
2.70e+01

261e+01
2.52e+01
2.43e+01
2.34e+01
2.25e+01
2.18e+01
2.07e+01
1.98e+01
1.89e+01
1.80e+01
1.71e+01
1.62e+01
1.53e+01
1.44e+01
1.35e+01
1.26e+01
1.17e+01
1.08e+01
9.20e+00
9.00e+00
8.10e+00
7.20e+00
6.20e+00
5.40e+00
4.50e+00
2.60e+00
2.70e+00
1.80e+00
9.00e-01

0.00=+00

(o)
Fig. 4. Comparison of flow patterns with the change of air velocity for the case with the fuel nozzle location near outside wall and air
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Table 1, Comparison of maximum temperature and NOx concentration at exit between the case with the fuel nozzle location near
outside wall and air nozzle location near center (case 1) and the case with the fuel nozzle location near center and air

nozzle location near outside wall (case 2)

Air Injection Velocity (m/s) 20 26 28 30
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