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Numerical Investigation on the Thermal Characteristics of Mild
Combustion According to Co-axial Air
Chang Hwan Hwang, Seung Wook Baek and Hak Young Kim

ABSTRACT

Mild combustion is considered as a promising combustion technology for energy saving and low emission of
combustion product gases. In this paper, the controllability of reaction region in mild combustion is examined
by using co-axial air nozzle. For this purpose, numerical approach is carried out. Propane is considered for
fuel and air is considered for oxidizer and the temperature of air is assumed 900K slightly higher than auto
ignition temperature of propane. But unlike main air, the atmospheric condition of co-axial air is considered.
Various cases are conducted to verify the characteristics of Co-Axial air burner configuration. The use of co-
axial air can affect reaction region. These modification help the mixing between fuel and oxidizer. Then, reac-
tion region is reduced compare to normal burner configuration. The enhancement of main air momentum also
affects on temperature uniformity and reaction region. The eddy dissipation concept turbulence/chemistry inter-
action model is used with two step of global chemical reaction model.

Key Words : Mild combustion, Pre-heated air, Diluted combustion, Flameless combustion, Co-axial air

NTEB
Alphabets Subscripts
D : nozzle diameter ® : inlet condition
K, : product gas recirculation rate I : gases
MF : mass fraction up : upward
m : mass flow rate
U : nozzle velocity

1. M2
23 FAR 4TS ©] SAstel 247~
W2k Seldlt melel 4 AAA 0% o 5oAA

9lt}. EHEXJ, A7~ o|AbElEr AL ThokE &
o HElFaEE o|Roj4l HHARE ALAA o
22 ?;71 uj ol hepo = wAdch webA g
HARE sty 918 W Ak AR 9
A, o5 YRR GBI FHARE
Z ouAaom Agsta ek

i

SHARS A o4 ol stad HEe
Zo|7] AL AbAlidle] B8-S oo i,
 EuE|& el 7 AR A Bet

~+

o1 2} A 2}, swbaek@kaist.ac.kr

A 7l dEd2A AAEL s
ENOx)F AAFeIEra(CO)9l HiE= Fagt
ojA|soF Btttk dEE&S Eol7] ST W

bR wj7) ko] S Sheatol
doh=tl, o]= Qsto] Eohdl AR wfzof ther-
mal NOx9] ¥FAjo] Z7}sl= 9 ayrt vehA =
CHIL wpeba 7]E9] AL"oA s & daedt
‘7){% NOx Hj&& sAlo E435t7ol= A7F
QUTHL2L. 2 2 1093F 73+ 4ESh(Flame-
less oxidation)[2], HITAC(High temperature air com-
bustion)[3] &2 Mild d4[4]9] A5 Eolo] F
wae Ao SAstIA et of 7EEe 3
AR Wy|hAY AAR Y§ LB ol
St} Mild 4= HA <=2 heat recirculation)



N

Ol

373t - )

A B8 ol33)

2ol FgstA "t
Eoﬂ defo] 3HHA
1% Ut 2=AS
2 th2]. E3E w77k
sS40 o5 fEHE Az 9ol
o i Yol HuLE: volx |
aatE Qlstel dazUo] &
uoh #UsH §AsH, dke
$5-0] thermal NOx9| ®HY& €<
A A AUTH24]

Wiinning¥} Wiinning[2]2 AS°2 351 Aksh
o dsto] AFSATL W17 AEBRKE A
oJ5}gitt. Dally 3512 A& E37]7F Mild 40|
AL Ae WL Fo Arsiaon, B4
Az Bl E Ars Faste] Mild dadeol &
47} NOx WiZe] ARE E& 4+ USS WAt
Parente 5[6]S a7F A7FE HAA7EA9] Mild A4
S A9 SRS Bo) Avshach B A
3}sHeE-3-7 EDC(eddy dissipation concept) 2 2[7]S

o[ 42514 Anel ZHko] 2 AATE BT
shich Szegd S8 BHZAMHTFE o83 Mild &
a0 SAE AdE F9 dtskelth 1e]al Wiinn-
ingZ} Wiinning[2]o] A|AJ3 H2H& K& 53 &
£QPRAS B oL, AEA AN BA &

22
>
OEI jﬁ
ol il
Shs
o
o
e
o2

2
ue
ofd
N

)

in)
o
ol
:cé
1 r&

2

il

o, M
)
fd
_(‘)_‘
@
Y

wo %

o

2o

o o ox [H o

o b
i

b
o
R
o
N
N
lo
fol

Hel
i
N
i
rgom
B 7

4 £ Qoo i 0 2 fo

o 2 AL
_"ﬁf
=1
;
il

30
5
H

¢

L1 0’o= JLs
£ G $9) QALHAS BRATA 5190k K,
O L L I R
S Aol g AN ojefe W, AR EY
3} A& For vl G 4 27
& o AxE 5 Uk

(hin layer) 9149} tt27 F7H(space) A=
S4E 7HA =l darkgol 5:'15]7\] 6 =3I
7} 7\‘]24 HEE, daz o T2 Aol 2%Y(quen-
ching)o] ¥4 g 7H5/d ol J—ZHSH:]‘ IZA i
SRSl COTt AR = A, olt dang
I 7|7k A SOl A uhE A SHA] ¢
ch Mild 989 932 fALA 31l

ﬂﬂﬂwﬂ s FEY O‘EP‘_
6332}01] 7101 4= & Aot} oA
Mo AREES FoME 5537 =55
-8 AaAo}7h & Aol A A= e Mild A
aoA F AaFrle AR AT} R =
A sgol He W, 5537 722 34

(‘

O

Aok g},

o]
101] A?ﬂ >k

9] stainless steelo]] SRt ALz A

ogolo] AAAM w77k YEA TS x5 9

sto] BB Aaz st xete wr|1E

, Aol e A47]9 Bt
Hj

==
a)

Lol
| % (ring) HF

158 sl olite £ HvlaR

48 AAEEA SH Y

21tH2.5.,6.8.9]. Fig.
As

ik AL 5

2+ 300 K9] 2
% inael sein

I

Lols/

L1 277477 2772772774

)
THRAAF

al
S
6 At olsk 22 dazel ¢
2
al

Lo]] %ii

—

20 ELJ

600

E

_'

2] upehelof AbahE|n ¥
ig. 20 Q147] AgHiie}
et Amel ArsiA )
E}—r«l AR-SHT=
4ol Wi s, 2
gq Az

‘(_)—D%’ _%_‘

(o) =
T o

35

pal

=237 ABRLZT Y XA Z
sb AbspAle] ol HElol, e
% T+ Ue Aoz yZE
o] S AAE YA A
S} S A £ glenz
Mild 4o - §4
571 FFFel g A7t o] Fo
fstel 2] g o] £57]
, NO Hj &2 Wsls 3
Frq Aok At AE A S
NT 6.3.262 Al43l9lct
AH Gl HAAT| RHEXA

oy
A2 Mild
Sy s
Y

K
1:]0]—

o 672

17llcEE 5

TRAVERSE 6

TRAVERSE §

TRAVERSE 4

TRAVERSE 3

TRAVERSE 2

TRAVERSE 1

!

200 ]

00
400

1

00

590

Fig. 1. Schematic of flow direction and data retrieval
positions in furnace (unit : mm).
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1-1 X - 3.114 0.146 - - 6 - -
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