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Flame Stability and Emission Characteristics of Can-type Burner
for Condensing Gas Boiler

S.H. Lee, Y.S. Jeong”, SM. Kum™, CE. Lee™
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Abstract: This study was carried out to optimize burner of the condensing gas boiler
which can save energy by utilizing the latent heat of combustion gas and reduce
pollutants emission. Three reasonable distances between burner and heat exchanger were
decided through the experiments of model flat burner. The optimum burner geometry
was determined from flame stability, pollutant emission characteristics and applicability
to practical boiler system. The boiler designed by this research reaches turn-down ratio
5:1 in the domain of equivalence ratio 0.68~0.85 and thermal efficiency of 98%. Emission
of NOx and CO concentration was under 35ppm and 104ppm.
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Fig. 2 Schematic of heat exchanger
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olul & AFoA HAo] 60mm A &
27U(FFE S5mm, ¥9F 2mm, 333
Imm)E A ub siAwk, CO9l wj& ko)
v g7l dEd B dFgME COWE
FE Fol7] A Wtow ALV Ay
7] Alojsl Aeldl @2 2YEH WEERS
AESNA H4FY daV9 ERyVE
Ho g RAG HY divle AREIE A
oo} A7 Gifrie] AYE @l
AN Q@ded wEEAHLE HEIYu.
Plane Heat Exchanger
Plane Bumer

Fueland Air _____

Mixture Water Qutlet

Water inlet
Fig. 4 Schematic of plane burner
and heat exchanger
Fig. 4= 89 dA7|8 4a8r]g B4
B A2 A darig dagrlg FEE
o, HY dagy] Fae Yuso 584



o] 2PY Fu@rloM e Y5 5EY
it AR S Ao

3. 4949 % A&

3-1.

&
<
&
WBsA7IEA NOxst CO9
& 49E YU

80—

A7 AR U9 43e A8 dE
AFoME WA AxVe FHR PHE
371 918 Fig. 4% & A¥AAE o
o dazlEdEst @] Alejd Az
W& 54

2ot oo rx

—_

A\
. .

Emission [ppm]
g
T
//
i

&
S
I

R

— | S | Y N !

31 36 41 «© 51 56
Distance of burner and heet exchange [mm]

Fig. 5 Emission characteristics
with distance

Fig. 55 9%4] 089 o Ax7|EHd o
w7 Alole] Aol @& NOx& CO9l
&2 Ul RoE 947 EHF du
#71 Atele] A&st AAAEFE NOx AA
Zg g7t ZAadted o)A thermal NOx
9] HAAY) Y ¥FHY A 2Rt Y
olx]m o]& QI3 thermal NOx2] A4 o)
Z4aE7] dFolg i COe wWEHE A
g7t 7tAerE FASA Frksted oA
& gge] dmdry) FwHoMeo WzEs
(Quenching effect)oll 2% 93 wgo=z
qzE. o 4¥& Z2A2 A 4mmd
AEY AiV)¢ Eugriyg AZE XE3
o} z+Z} 435mm, 46mmE WAL o A
2719 AAL 72zt 60mm, 55mm, 50mmo)
Ao e 9ol AFF 3%
A zste] 4zt A7l o
& sl A4, FHue Belgsie o0&
2154 2 Aol g Y3 AsAYPe =

R

3-2. A48 AP E R FFNE
w7l 54

0F 94%3 A&7 A9 H5 2 d¥ge

2 A7 B&sA] g ek dar) ®

Hel g ¢ nidd o fiol FdHe

2 wE day] Edel ERE 34T 2

065 v T — Y
07 -
2
§ ors|- .
23 oa- _
———— D=50mm
| —~—0—— D=55mm n
085 —O— B=gm
09 1 {0 | L 1 n |
0 100 200 300 400

Mixture velocity [cnvs]
Fig. 6 Flammability of burner

AZ F3 o3 AASA. Fig. 6& A7t
A a7l dE Y AAYE ek
ROZ dgdre A7HA A4717F 25 4
S8A detdoud E¥e Aol Y #H2
50mmel a7l AA iR IFE & F
At

Fig. 72 A7tA Ax79 24983 %
NOx9| #|&%E, Fig. 8& CO9| Mi&3&
10— T T ]
ol -

Emission [ppm]

20} 4
ol F S T R R
065 07 075 08 085 09 095

Equivalence ratic
Fig. 7 Emission characteristics
with equi. ratio [NOx]

-939-



zbzh Jetia ded, 3 davie JFE
ol AR = Y7l dEo ZFy] 08Y
o fFFol o 200cm/s7t HE #3HE 7]
Foz AFL FHIIUT. 2N BFEo|
S st 2 o div] HFEse wE
NOx W& Aol: A9 ged, A=A
A7l BF 2FH7t F71E84E NOx o
232 Z7sted o]R-& NOx9 Ul
thermal NOxol22 F3u] Z7lo] g 3
dexe A% otk

800 — T T T
400 |- -
co
L DeS0mm
—_— <o DwSEawn
E 200 - O Dwsomm N
5 +
g 200 ~
L
100 |- ~
° ’- PR VRN TN RO SN
065 07 075 08 085 09 095
Equivalence ratio

Fig. 8 Emission characteristics
with equi. ratio {CO]

CO HIE5A4L A9l AZx A47l B
5 g%y % 0758 Iz ¥ 5
Zt2£E COMEFe PelAded, oAL
Faulst ZU1E4E COE 43Ad + A
E 00 fFEAl #idn =F Fokste
2% u&o] COF CORE siEse A9
27 W gott®  Fapul 0750 3ol A
CO7t &4 vegvde RE 237 BeiA
|24 ghe ZHolzt dolA: olz U g
dol duriolMe] ¥7E A (Quenching
effect)oll o3 @A3A &L W] o

7l Aol @g CO MiEEAHE 4y

2zl 7 o] 50mm, 55mm¢ H$ ¥
A CO9 wEFis A 2
3 60mme] Hfolle Ay o
2 g4 JeldEd oRe davjgdasd o
@7 Ateje] Agrt ZtAYA7] dELE
Azbe

o
)
&
l
a =

3-3. dAar9 & wr 54

Fig. 9% @4 wslel 0 A7ix A4
719] #3td 7] EHE JEd Rew ©
Zol= Fig. 73 894 NOx 2 COwj& o)

250 J
o
- -
20 o cogs
A NOWOD)
= I o NOKRTH
g L o Nomm
150 —
1 L
g ‘wL -
sl B
& o d
° 2 ——4——% ———
8000 12000 16000 20000 24000
Load [Kealftr]
(a) D=50mm
250 T T nl T u T
coen
200} o) _

copOOD

—

e e e e e
9”” 12000 168000 20000 24000
Load [Kcal/tw]
(b) D=55mm
800 100
I a
L °
400 [e] — 80
A
L <
[e]

- 20
o ; o P S Y
12000 16000 20000 24000 28000
Load {Kcalftw]
(c) D=60mm

Fig. 9 Emission characteristics with

burner loading

-240-



WA 2A Jdehd 07, 075, 08 A1FELS
Z stk z2zhel F@ulelA NOxwl& %2
A7t dAav] 25 25ppm olEk® uj$ W
A veben CoY MEeFe dir A
o] F7tET &, Bt F7EsE Ae@rh
agold Ao} S0mme) Q27N E= F
diatel A golx COWE ol 120ppm o]
32 JebgdA Y, g AF /Rl (Fig. 6
Fz) 39 GG HeM ES 23L& v
An Yom EF Aol Aoz Y
Yo o & RabojA AT Y o F
Aol wls) dAx7ie Heolzt AYAA AoiA
ok 3t w@d $& % Atk olAw A
e ndd HF AHE H4¥e FJF
55mmel AAx7IE AHEEYIEZ FAARso
agla COWEEe Fol7l 4% Weto=
ol &vie] A% FFulolAe uld Aol
HubeE 92 RadMe B F3uE g
e Me & 3FuE HH{A4E 59
712 ZAAsoh o)2A I8 29ER
HolME @58 Wit F3E G& B of
et 59 <tAd49 Turn-down ratio: 2
23] =d & Ur] fFojch

3-4. vjfAe] 45AY

Fig, 102 B89 4%& ANdsr 9%
FAe AFEE Ued Rold. AR(ING)
e AF FYAE T3 FIHEY, wrlztx
+xg B9 %% T-type §HAR =A
alo] data logger(HP 3852A)2 o} ¥ 3
2} BT 2Yeie B2&EFL Jx 2F
Hda o #R44FHKS B 8109)8 B4
2 248 40°.

Mass

Mixing
Fuel  Chambec

Burner o
P m% Water Tank

Flowmet
S
Heat Exchanger

Fig. 10 Schematic of heating water
performance system

NOx Analy
CO A

NOx9} COw A4 ZRHEE ol83ld A
#e 57 gas drverdll A 2L AAG
et P e o] &3k NOx Analyzer(gx
converter)®} CO% A 71{Kane May co.)& Z
Zr E-Astsich

Fig. 11& A7) <438 i@ ¥qad
A vl AAE AAY FaF u}E FF
g ety 6719 NAeZ Yo BAE
Aoz Table 1& 2Z+ @ AT R3F
3 gl g epiy,

0.65 L A IR
%1 Faahisack
07t 3 G A
& 2
2
® oors| & 3 -
.g 1 ¢ 4
7 o8- ¢ s 7
0851 + 6 -
F ) [o] -
X [ " 1 i i
%55 10000 20000 30000
Load(keal/hr)
Fig. 11 The points of control
5
A & ot eky T
13 Ghda (Kcal/hr)
1 0.68 5,068
2 0.72 9,187
3 Q.75 12,938
4 0.78 16,156
5 0.81 19,957
6 085 24,076

Table 1 Equivalence ratio & load
of the points

Fig. 12& 6749 A dojA vjARAE F
g B AU SA4E el Ao
Hert ARSLE A&LS G 100%(H 9T
F @A 5% 2FH ol u)
7A7ks 2 EH L otk NOxH
29 Bt =E4F, Rt €48
Frtetsd ojRe A9 TR Axvta
227t FobFd W RN AAsEE
thermal NOx7} @otA]7] mf&ojc}. CO9}

-241-



r —— T[T} 100 140
vm% 140 }~ o—_e\'e“'e“—eﬂ
- —120
Fowl o2 e
20 o O Effcency 4100
hod RS-

Fig. 12 Total performance of boiler

HiE g gA 2e Aol Yehhed oS
oA AFFEC] COE 4AAdE 0.9
a4 a2 52 294 CO7t COZE
#else Aol A7 dfFolct

5 B A¥dEd ddAd Az K3 %
24,000kcal/hrof A NOx¢t CO9 wi& e <%
Bppm¥ 104ppm o E °]A L &HAwta AF
71%(02= 0% basis, NOx: 50ppm, CO:
100ppm)s} vlwE w VUG FFEo2
of Azl et

4. 38
B A3E A NOx €% 7t2rngddd
Hew 2Agde) el yYa H A

& da71E AAHY] A8 Axvis Ex
g7 Atojg AE AAg 3yl A# HE
da7l 49& FYsxn, Ao 4F 5,
55, 60mm¢! A471E A Fstd 2zt da
Zlde FgetAAgdn 9], Rz
W w754 £ nldAold aF 2¥E
F A3 7ol 55mme Ax7I7t N A
& Az eyt 53 A ¢
3l Turn~down ratio’} ¢ 512 A A JE
won Ay HWoudAd NOx % COul&E®
o] zZtz} 35ppm, 104ppm ©|3E o]RAL 3
Avta AF7NEE AY wFdE FXolt.

5. %7
2 A7e quAR TR AuAsEA

WA gArdel APz ARHAGUL ol
o ZA=YIT.

6.

I

2

3)

4

(5)

)

N

-242-

A Ed

o

| way, “tande g An
AY ol wy) 54 47, F7F
3-yEFd =%3A, 78, 3%, pp
353~358, 1995

J. A. Miler and C. T. Bowman,
“Mechanism and Modeling of Nitrogen
Chemistry in  Combustion”, Pro.
Energy Combust. Sci, Vol15, pp. 23,
1989

= A =]
o T, him

J. F. Driscoll et al. "Nitric Oxides
Levels of Turbulent Jet Diffusion
Flame Effect of Residence Time
and Damkohler Number”, Combustion
and Flame, Vol88, pp. 3749,
1992

Turms, S. R. “An Introduction to

Combustion”, McGraw~Hill, 1996

S. M. Cannon, B. S. Brewster and L.
D. Smoot, “Stochastic Modeling of CO
and NO Premixed  Methane
Combustion”, Combustion and Flame,
Vol.113, pp. 135~146, 1998

g2 g w3, “Vh=2sEY9(KS B
8109)", 1998

R. M. Fristrom, A. A. Westenberg,
"Flame Structure”, McGraw-Hill, pp.
177~203, 1965

in



