M SR B &3 A, A28, A 1E, (2004) 3~7
<EEI|A>

SHHRISHY MU MULT|E
=gt

Environmentally Friendly Industrial Combustion Technologies

Dongsoon Noh

Abstract. Two novel industrial combustion technologies are introduced. High temperature air regenerative
combustion for industrial heating system and oxyfuel combustion for power plant are considered as a
energy saving and CO, emission reducing combustion technology. Research works are necessary to under-
stand fundamental phenomena and to develope application technologies to industrial sector.

Key Words : 2237|944, Ahads, 23, 92

.M B = o3l HE3FARE o) gl AUAFELE F
w3l 9o} 9= British Gas AR >703 9} °80

AQTAY UAATS Aeshe AT B GUE AR LS 2 AT Dl
ohUle} Aule] HAMAG lBH o Teld adel  slod@ v Atk? AAASAE Al ALF
o, SR TAN] AEl9l Bzl QOIHE o2 o lE AhE F/ILEE oF 600°C KA ol dshe
ShUTH TA% BUZ Al Qo EAA 9N BeleE U darlRA el H5E )

zEolof & g7 02 YIFHI iz vt dvle] 2 & 5 = v Aty 7EAS F2 A8
g, AAAEIE M E 38 29 e F A& o] &-EheE DAl A Aawlrtae] vt
S A B FPES Ahge] ALl ol 1300-1400°C & 790l Aag 371E F 1000°C 7}
wE ALASE(NOx) A F 2 2ATIEREM F A Qag § glerz ol ek A"z ol
A 3= o|AMEIA(CO,) WIEA A 7|E0] 8 7Fssith P90 d ol EolX YE-9] Nippon Furnace
o} H2 FUE ARES] Qe =S TAHL Kogyo Kaisha Ah= - GAAEA] A A F 23t 7]
F&3) A3 FA0 A TFALGEDD) gk v} Itk F@Ado] zHe AlEtd sz FIA
A2E L g8 FAR ] 1T A R 2 o] g3 23 IANYNE B3 A4o8 IVE A
o] g o AEZ §iTh B M Azl & 1200°C 744 <] €& & e 78S BRI,
U 2ke aAlE AAA47E B33 Aol thsh 2h4] olof] A2l 7HdAl L] GRS el 7t
of A3 B2 gt =8 707 oAE T Yt Z2F|ALee =l
Hardesty$t Weinbergell 2]8l] #|te ‘Zaigs]
2. I2BJ|HT|E a0 dFog® 372 AQPPAANE ol &T NP
A A2A 2R 1993 YR o) H7IATAR R
Ganie) oA @ 7e HIE AR (B3, EA H5A vk AT Fig. 12 GAAAAAE A8 L
s AHgst rhssit el gl 3 dE rlds o3 A2 zd EEE Be Fo.
Fig. | 729 @A A2xA2He Arg 37)4d
T PRyt pR R G257} 1100-1200°C F5& FA8h= 2e =72
E-‘r_nail: dsnoh@k‘i—er.re.kr‘_‘— T 2 eddd 2o a7 #71HeR aHE &
A v g dAdvkae FAF2 Adarld W



A insulation

ic ho b
B} ceramic honeycom A ¥ cxhaust gas

Fig. 1. SAAAAE ol &8 A2rtdrLd.

B9 29SS wi7)En, o] HPAA wisks B
ge Ao AP T YA AAE T LAo]
g9 dag T 29718 B FUHe] 2L
2 A= Zolt), BAF T wr $HAIZL 30-
602 Axolm, AARs B AR &) wlh =
A8 4 . Aaae] B9y LEE oETNLE
B} 50-100°C A= =A L45A Ao

#9 7 erRne U EeL AAHE

A &) mWE NOx A4de) AZsA WFHAANH.
2AE At stel 199042 YR
H7tre A5 A% P ANFEDLFuel Direct Injection)
Aaual S 2N F vl ATk ® o] dAE7EA
Ao Aryert 3uke 2 And b
Frzol] BakA o g APRAEIA, slde] 2EE W
= 3 7o) 93 AL olgsh= Aol ol
W2 93t Nippon Furnaceol*& 31-&
A NOx 927} 7@ A9 AREAPTA S N2

LLFNEARE S dAAY BRIk ¥4l
o Fig. 2= 480 AR EAR 223794
2"oln, Fig. 3& stFARI o]},

g FE 27t E oloke el A NOx 94
A Mz T2 Aa7] Al FFT ¥ Ak
1992 EYo4& FLOX(Flameless Oxidation)”
A2/NE AR em, ol Ay AnE 371 &
AbeZg ol &ate] AR7kac EFFH7) Aol 129
w727t Aag T FUEES she TEEAM,
Aag T7F ArEES HIAA st FHA
FLFRPAL A A NOx#E FREAA T
Zolck Ydateo| Ax1g IFRF(International Flame

il

Research Foundation)ol41<= SCALING 400 =1
Wo) Ao 2 A A NOx F47] MEe 733}
Qo ® 2 g e Fdo] A8tk =8F
917 22t ABLE S TAS 1 T Aokl
o} Axg F7=ES AXT FxoITh ALY
80% & 100%¢] A8E 7 =TL T3l AHAe
2 2o s o ek el A NOx 4%
3 4= 91l eH, NOx A e A4g Z7ld<E
o} Zasty A4EAL FDI 4t me FA
BT 58] AALEF 12MWS A47)d

Az}, st 8 o] Anke] ALHbA| Hlsted
20% FHEE AFHE Ao o= I A

% o
B L o o

2
o
> o

<1
T}, SCALING 400 Z2239) g9X|&= A Atds
197] w7k AEREAS] HFH st @ AREA

K1



R A

2] 9], A7 ¥ 5% T2 EARAEI} 124
o7 v Advkiel EFHIL 2AFH 0" AL
271¢F EFFHEES she wRAAlth 2 4] Tt
t}e] 7122714974 (CGRI: Canadian Gas Research
Institute) GA| AE/EZ7]19] BEAHEAR] 213 X NOx
A7) MEE FEF] A.00

27t golts ¢
e FoBZ NOx A4& Aoz A +
o, FHL R CO, H H09 B0l %ok &

MG a7 Akt ik @A, Aadae {1
3=, EFuE §3l2 5 U a2 FHE =
ElE]4 8312 5 AAHSRE oF 3007] ol A&
=3 9o, g5 7% H7E §8544 2 HHg
Bdel Foll Hgol gl H sioh

Fig: 47 el &3228 adisdolt),
Table 1= F2|838)|29] A4aAL 2H-E ¥)wd A

T+ 7 Mada Aads
AelZ  ton/day 62.7 46.8 75.8
AgZLE  10* keal/h 343 224 345
Hj 7k Nm3/h 5663 1,500 1,869
£2917] N, (% wet) 72 38 30
H,O (% wet) 14 36 43
CO, (% wet) 9 22 26
0, (% wet) 5 4 1
NOx (kg/h)  25.6 26 2.95

g4 Aldare 5

o7 FHo ZAIFTVNE AT 9ol HlE
NOxE ¢ 17102 A7 = IS8 roFEet 2=y
AP AE ALY R TGE A= theke] NOx

£ ARNE F = Bl %IE} & /\V\.J |

EF9 4 2 AU § sl A e Ee F
71%9] Ao HEEFY F4 % l R},
AAEY 7 ALPRTRE AR 3 957

HEAZ 2L AL YoM E 2 EAE 7|gE

& Ak F, FY AE=F S AX S dFLFL
2 F9o AAaeEE ARG T2 Aav) T
NOx AZE= 43 o2 ByHYY. &, 7|1&
9] &Y 2kAaALH o vt oF 1/4 )31
1 gim® (719441 94ppm, 11% 02 Aoz
NOx A4& & A7 4 vt

B 2 frEldeld AALE AR 7t /edd
B daye €88 o] rhedithe S9elA A
b 2 G84d0) B vk AadireE fE
334N 70%2] &3l 5HIFE, 60%2] ANHAE
3 NOx Aol 7hs s ZAadS 2t itk #2ol
olz} g & el st ”@%’ Haejole] Aads

7e %7H‘”°1 go= 2 Y.

Y E-2 JSIM(Japan Society of Industrial Machinery
Manufacturers) A7/ EAIG 2] Ao g w7k
S5 oA BAF TigTidel &g vl oot AL
dol EXe 18T 188 AT 2drle g

& St wizks 255 50°C 7}
59 dades =ear, wirhad

HEe S5 =
A7, ADBEIY © 2838 93 AhdLbreS

2,
A3t3At BT HAMAE ARE sk A9, 4
Aol o) B EEL 95%2 F71E ALE
3F 739 78%ET oF 17%2] &3] AU, Wi
7tA SE5E QuIE A A S5 A
wdg 71Foz ok 105%0)9H. Hl7k=F2 COo;,
oF 69%C1N L, Hi7AFE F71ALn] AP

(o]

HIE akada | %——?33 s T AHAA
A
p -

7 B Thseh, AaAERIL R 354
o g FA5e FAZ @770l d8sk= 71

Ao AH e Aol B3 e LA IR

g ofoll A at7] 918k 714 Wte
e 7l H&3le e Ao
Fig. 55 CO, A8y Ahds



6 rEL

et
ofl
2
B
e
B
N
it

Fig. 5. CO, A<=3

?“JEOlE‘r. Qg ASAZ Ang A}
AL o] Abo] dAME T o]0 Au] ¢F
oA st =] Aozt a7 %

@z CO, BE7}F 542] 371940 ]

s TR oR & wirkaE AeE AA Ao 4t

Laboratory)ollA] 248 B § A= 483}
AE7}E P Folny.i?
Hadarlee] FE3E AsA olH Tk E W
) AEAEE A A LI JleH, o] 4
TR ALsiddd gAY voly 53 A

7] A
T IO R S EEDIE SRS
w2oleh. 712l A4 el A48 FAE

[¢3

< Astr] Ak o7t AN F4aA50
A=A 99 OXYFLAME projectzt H3¥ o]
A A ar) o) A AT I S-S AT 2
RIAMEE SFE AGA, Air Liquid, Gaz de
France, Hoogovens Corporate Services B.V., Linde
AG, Nippon Sanso Corp., Tokyo Gas Co. Ltd. <}
IFRF 5] ofslal 9lnt. AR5 vha-o] Al7HA]

2 EFHT A
(@) o442 A48 SA47e AT
(b) IMWF 947 ALY =&
(¢) AtA: diala Zxgw e o Hr)

o]FA (b) L (BTl thalAi= thelH| = Hlo]
Sl ARG (a) Bl teiE olu] Wi uh
giek0

SRS Ak B U AR

5
b5 "a‘%ﬁ}ﬂ e 7]3013}. °l 7]
Aa2 = FA) well-stirred reactor}
LEFAS TFsd SHo) glom, 7]
R ouAaET EA
2 NOx A7do] F4A| =He A Aa
71&olth 3HE B 7|&e AAhgd HE-E Ay
o, Al ks 3R Hge 9
s 7]%7}1%0] Bpuxoz £30g 7 Q)09
o] 483} M2 A&HEE v ?ﬂ”ﬁ <
7128 A7 tha W EE Aol Aom F o
of et A7t Betd Bar) o)

> 2
o

N
N
°
off J
)
5:

)y

2
Tl

L e

=~ 9

o
o
M
rlo
£
oo

(a) QEATSHA EAIA S H A s}

(b) Atas|ah 29170l 9] AARHEIH
(c) T3l Arshukg-o] g ¢

(d) 3HA7A g Aloj A 2=H)

2 Aule] @7343te) wia9lel <15
$E87} g T Uk

olgel Aarlee S ART} F JUA Ao A}
FHE o vd B3Vl AN Y= A9l
24716 5o dgsf A7) SHE S
= 73 A D Jor, Aauy FEE A9 o
¥ 7124 A77HWYHTL 9

r2k

o

=

1) Masters J., Webb R. J., Davies R. M.. 1979, “The
Use of Modelling Techniques in the Design and Appli-
cation of Recuperative Bumners”, J. Inst. Energy, pp.
196-204.

2) Tanaka R., Kishimoto K. and Hasegawa T., 1994,
“High Efficiency Heat Transfer Method with Use of
High Temperature Pre-Heated Air and Gas Recir-

culation”, Combust Sci and Technology, Vol. 1, No.



4.

3) Kastuki M. and Hasegawa T.., 1998, “The Science
and Technology of Combustion Highly Preheated
Air”, The Twenty-Seventh Symposium (International)
on Combustion. The Combustion Institute.
Hardesty D. R. and Weinberg F. J., 1974, “Burners
Producing Large Excess Enthalpies”, Combust. Sci.
and Technology, Vol.8, pp. 201-214.

Tanigawa T., Hasegawa T. and Morita M., 1998,

4

~

5

=

“The Output of Key Technologies in the National
Project-High Performance Industrial Furnace Devel-
opment Project”, Proceedings of the 12" IFRF Mem-
bers Conference, The Netherlands.

I, Yasuzawa K., Miyahara T. and
Nagata T., 1990, “Apparatus or Method for Carrying
out Combustion in a Furnace”. US Patent No.4,945,
841.

Wunning J. A. and Wunning J. G., 1992, “Brenner fur
flammenlose Oxidation mit geringer NO-Bildung auch

6) Nakamachi

~

7

~

bei hochster Luftvorwarming”, GasWarme International
41, Heft 10, 438.

Weber R., Sayre A. N., Dugue J. and Horsman H.,
1993, “Scaling Characteristics of Aerodynamics and

8)

Low-NOx Properties of Industrial Natural Gas Burn-
ers-The Scaling 400 Study”, Results of the 12 MW

burner test. /FRF Doc. No. F 40/y/9.

Weber R., 1996, “Scaling Characteristics of Aero-
dynamics, Heat Transfer and Pollutant Emissions in
Industrial Flames”, Twenty-Sixth Symposium (Interna-
tional) on Combustion, The Combustion Institute,
pp. 3343-3354,

Sobiesiak A., Rahbar S., Becker H. A. 1998, ‘“Per-
formance Characteristics of the New Low-NOx CGRI
Burner for Use with High Air Preheat”, Combustion
and Flame, 115:93-125.

Koshiji T., 1998, “High Performance Boiler and
Energy Saving”, Paper IV-2in Documents of a Meet-

10

=

11

~—

ing on Development of High Performance Industrial

Furnace, Tokyo.

Klara S. M., Hyman D. and Thompson D., 2003,

“Advanced Oxyfuel Boilers and Process Heaters for

Cost Effective CO, Capture and Sequestration”, Project

Facts, NETL, DOE, USA.

13) Lallemant N. and Weber R., 1999 Measuring Instru-
ments for Studying Oxy-Natural Gas Flames. Jour-

12)

nal of the Institute of Energy.

14) Suzukawa Y., Mori I, Sugiyama S. and Hasegawa
T., 1998, “Development and Application of Direct
Fired Regenerative Burner Heating System”, Pro-
ceedings of the JERC/AERC Symposium.



