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Abstract

Our company produces boilers for industrial usages or power plants. The aim of this study is to investigate
the flame structure, heat transfer to evaporator tube wall and NOx emission in the furnaces. Also we are to
derive correct FEGT(Furnace Exit Gas Temperature) characteristic curve. When we design furnace and
superheater, economizer etc. FEGT characteristic curve is very important factor for optimum design. We
calculated turbulent reacting flow, heat transfer and NOx emission in furnace by using numerical modeling
with the help of commercial code. Three dimensional steady state calculation is done. k-e turbulence model
and equilibrium chemistry combustion model with B-probability density function is used. To calculate
radiation heat transfer discrete ordinates model is used. And we measured FEGT at several operating plants.
Measurement is done by R-type thermocouple. Radiation shield is attached to the thermocouple to prevent
radiation effect. Measured and calculated results show good agreement. And we could understand the flame
structure and NOx formation positions in each furnaces.

g f]sﬂ AAAA B4, H4229 49, 4
1. M B WE A 59 uwH oz windbox, A NOx Iﬂlﬁ
E}Eﬂl EH-‘?E AFE A3tz k. B AFE
AdFTdLe 33E& F7v €9 248 F B3/ AL BY8 A 3 #A C’E‘Q_O_E
= g dig RdeE gasia d. sl2ola Hhe Fx, Wdozo dAE, Nx
€ raydde= 98 Y wysh FEEy, A EAEL ¥slar FEGT(Furnace Exit Gas
Windbox & B3] FFHE _/I:% F71€ o} ¥y Temperature) E4F4& ££3817] A& AHoltt.
EL AYEA e A3 g zZHA " BF FEGT EAFAHL B3lo] w& FEGT o W&
g A d8GFHd -wlu ﬂiﬂw AadA  Jelge gz 2AdHdE AAT 9 ojRAg
Hu, o] gfozre Bilg dif dALE § olgsid 3wy, 39y, dEr], F/dE719
3 He E8d F27dA £33 950 A TRE ARG, g R E&HYU RYHE
. 322 WAL Wrisiae 3497, 297 AAE7] e AT FEGT 9o dFol =%

(economizer), 371 d7], A7|AR7E A#E A F 3},
U 2488 WA Jzith 2 19] HS 9} HT B B Qs AASHS AlLste] g B

9 wdds Y32 e Xe seisha e %;%% =xagon 2
AUFFANAE A2 2HHD Q= WAk A eAbD A SASOAY T FHE F9
@AFAE BIAD B Agol ¥ udd AN a%e Azetdc

.E
E

4

- 842 -



(b)

il =

type ¥ HT-type Z@olty F7] AJ4bske 150-
260ton/hr HH o)™ F7) SEE 40-130
kg/em’g, 400-550°C ®H9olA LAdY dae 3
Fr(bunker-C)4} A f-34 <42 4-(LSWR : Low Sulfur
Wax Residual)E AH23c} 260ton/hr R D29 74
329 A7ilE Fo] 18m, £ 65m, 4°] 7.6m A
Lot}

Baee] g3k g} 4.6 7} AHHE vy
T 578 ol 2F Uag AMgEE AYET
49 A Nox ¥ mdel LNH ®ldojt}. LNH
HuE 29 2.9 Yelhd AXE dag 7718 3
gog uyo] FFIn 4 oo fHFe e
T A&EF FHof gt} By EFAAM 87 A%
gH(fuel-rich) AEfolA dAA HEE &z 9gRre
I EF ZoA AE) 32g(fuel-lean) A E] A
gHAL: HES = ddds gajoltt, o9
22 4 WAL 53 99 2xE YR
thermal NOx & Zol: $A)o] dg &9 FAi9}
TS AAE 2o fuel NOx 9 A4S ®aheio)

Jpie]
3% 2D\ ey
2Xt 27| oy i
1A 37| o
L
ARRPI|
— ]
————'\
emp ] )

¥ 2.LNH ¥y fiEs

19 F2o= M37)7t dRge] dor 23 @
SR bdE o (vane)ye ARt A
g F A=E 9k
Fzg 7gdr] AfoldE o5&
A0} Qo) gz ¥

o= 9 3 37t
FhsAA TS wEe Fool REyd
TEE o|F8 28 FMI vk
22 7lsiEty may

2 F UFeR 2 49 B} uiA 7]

h=3
(symmetry) =& A8-8to] wkEyt 29 s}
THog FeMo gHo] A Yy vty H
Hew Jpsint
Hulol A EF7|9, A7), 7hdee md¥
ax ¢ 7B fE HAAUE madsigich
AL A Gambit & AMEBE] SHA] A
=k 2" 3.0 260tonhe BP9 whest =
st o] g Wy §of AMARE e

a9 3. 32l P49 MY RRo A%

3. FAlsHA I AA A

gRlie f58 Mug Aus e a3
Aeg b BRE UR 450t ¥79 #5
i g A7 Aole] £5F wPol doljm @
Age E9 Ax9 Fiwol dojur) Fuy
2 270t #719 wgalel A7) dojun =
of W3} el BAE Eu dugho] Yojyr.

olgh ge BRES ANT] s A5WAA
B oe¥R WAL, AU BRA, FRAY WA
e gaAdge Aga] FY upzde
EE ke BUE AGHOT HUs UHAAZ
Mol 4% ¥ 9AYL BEURSTE AR
. Adel $EAAT ARDL Ty fAAE

- 843 -



Lagrangian W'H& Al438bE discrete phase Z2-&
Alg8te T AnEE A4Sttt

stetFe] WA A ot siEukga ol&
siatFe] BvE WAHS T3 HFEE AN
oA WA LA AxALE AE s
st 3 w2 AlL5l9) mean mixture fraction 3}
mixture fraction variance ¢} B ZEWA AL A4HEQ
o dfo dFdL -FEUEYGFE AHE§Ho
VER Ak ALt A8 3832 ¢, H, N, O,
CO2, H20, N2, 02, CH4, C2H4, CO, H2, OH, C(s),
H20()9] 15 7o)t}

HE dirire BEAEAG ANE ¥ F
DAEE AAES $HZo] oiE AEstq EAL
AGLAL S F= FEZFY(discrete ordinates
method)& AHE-Rct. FFATY AL WSGGM
(Weighted Sum of Gray Gas Mode)& A}-43131.0
e EAEY T Bwe diffuse/opaque 7HE S
AHEERR T Al AE A4S S8 2L BEAld
< Ay A B Ao EeAIH .

NOx & fuel NO ¢} thermal NO %& n @8l go
o & 2E Aol Y g FAME AL F
sto) A2 TH Thermal NOx ¢ AAIL extended
Zeldovich mechanism -2 A& 2o [N]o} ojg
& A E(quasi-steady) 7FE 3 [0]2]  partial
equilibrium 7} & A}&35le] AAEFA Tl Fuel NOx
Aol A FAHEL HON & 183le] HCN
o] 02 ¢ ¥Hg3tdq No 7t A== g7 NO 9
BHgated N2 7t AAEHE T oA g EG
el 4 &2 normalized temperature & AME-SH 2-
variable 8-PDF & A}-&3}o] A&
TR 2 A upwind 71BE ARSI &
-5 % 23 SIMPLEC & AH&33it) o WA

9 AL 34 T2 I Fluent v5.5 AL

A
3
#F

o

Aol FFHE A48 37 AA9
]

obehel e with ggoltt W ddgd
ES TEEAL AHgEien EAEAdE
&2 A4 FYh

o o 2 rlo it B Ho

4. FEGT &%

FEGT 9 532 o]’} 2m ¢ R-type EAUE
AT 23YY 22 29 4.9 JEURQ
ol g2 YR Jlx 25 B3 7|7 BEE

CH59 AAE W A8 1Y 4.9 Zol F

S 2xo A3e zolzt Q. o)e} L& L
Txtolo] &3 BAIQAG o dAHUE
T Lx A st Aolsh ot o™ A
o2 ZFol7] Y FAd ujgo 93 T|o=
2} 2(radiation shield)& H X st ool HA
3 £ ¥ Alojo] BEALE gt AHRE o
Aoz Hzglodol o] 28 AA FYL F AU
At A& 02 st L5 YA I zo)7t
a8 ax ¥ Reg F2A JYx, AATFE A

729 AR g HAw A5
At WRA 5ol AAEA A HA
MY LxE AA 2x9 o7t UA HER
A

(suction pipe)& A3l 7p2rt By gro= w
Az & JEE g 29 ol divig
Bt 4AY g Ao FYB ¢EFINE
o] 83 olAHdolE|(aspirator)E AT F Y&
= 3fgioh.

/”7 Suction pipe
Radiation shield 7{
 ———— 7 X ﬂ A -
[ 53 : 3
ok L ]
/ 2064 .\ AL ME
-ty flange

thermocouple

19 4.FEGT 34 4Ad

oY
S
>

Lx ZHL 32 27 Hd
oA EAEGoH AAFHAE ¢
st n&9 7txvt e|Rz ey
FA A gL AFAGIHY,
2 4FH(UPSC), Sithe o], AFAEAL,
dE B Eo|th '

32

ok 1l

)
to gfn

=
. 8 ol

to rir
el
2 9 2 ol oF

2

o Jo
o

o
/N

=t

51 3}2 o o4 EA
a9 5-7.9) 260tonhr £F 2P 2 URo
2% RE, oA A&, 4 vyolN FFH
= 459 pathline, Y FU4E e £33 &
Aol a5 AFEE S Ve
My &3 Aed Fgo] gled o FEol
dE #9 d9eE =7k w3 o 7k 8ol Y
Eldth, 2 F70 "dRo]l di He 1L A9
o] YAHE I d4 FEE 29 Foh 13
5-7 oA e 260ton/hr BB oA I 32
o Aoz Fstu glod, 7hed B F ¥
o HFL 2 FYog Folx FHo|Y %
ol Hue AL ¥ oz ARAE YHE

b

- 844 -



2 438 & g 3
e e UEE Qs we My &3 9%
e gdoz de 2XE e

o e sHAd Fejsg WYy g BE
t 29 Z3 Wy A4 NusY 419 2
Ago) YUY g we B2y) Yrd 2 B
YoM Tz et sz 94, wuye
A, M8 Hwsh W, 3 2E

A%k

49emes ‘ (a) (b)

19 5. (2 E=E ¥, K (b) heat-flux

1% 7. Species Concentration

12 8. NOx mass fraction

52 NOx
¥ 8.2 260ton/hr Yol NO
W golth ANAS 7wl

32 ye
NOx a4k
AR o o]

. %
ot dg & A& AR 75% =7} fuel
NOox 2 AAEY, HAd Nox & 25% AHE7)

53 FEGT ,
oY 9.9 FEGT &34 A ALZERE
gt JeRfdth 4 EWE

<)
ov ERAHY LEE AN
27 HF Luo

Aele] ¢

Aaret ddig#o B HT-type olv
HS-type Hdzlolth AAR oz Aad]
& dAshi 9or) Hsypeol v 2 LAk

1200 T

Sithe

1100 Qilbank = Chungju

Samyang
L ]

1000 - B
Chungju

UPSC
on0 + .

FEGT Measured ['C]

800

T T T T T
BOO 900 1000 1100 1200

FEGT from Fluent ['C]

1% 9. FEGT Al4tzkst &3 kel

=
Kl

_845-



1900 P A da whged dE FEF ol FFo= 3}
. S8 E AL AEE F el e T
0 l M b AME 2 BlW EAL g9 RASG

oo | o gAE 21 Ao
g olglgt gl A FASAE EFER o
& 1000 ] l Mo BdeloA &4 g AL gEo] 2
N T e 23 B UM NEZ dXsa dx, Al F
) st 1 d d& FEGT &€ ol83 2 mde £d §

1 —%— Samyang i
-4~ Oilbank e BN AFsol AA 2d BFS 4D
00— ————————— Z vehd F3 35S $AE + AT wEA
0 50 60 70 80 80 100 . N =

Load [%] B AdAFE BdA SAY AN EFAA AFgFHo
_ 2 A AA 0z HYE FAs3 = ]
39 10. A4S B FEGT 5434 # A o.] LA B ET.°°“ 2 - %j‘ ]
gh A A M) dRg 5EF RE9y 44
HS type ©] HT type Bt} 237} A& AL HS =1 -?*]f?j NEo= ’3% F de 248 539
type o Bo) Yol Pustel witddge A TN B F A% £F AL AREE vFes
st o) woh HES AnE de & 9y wee A4 BN 284 g2 deEvn e
Aos o). EH 5459 dde AHE F Aden 7iE
a9 102 ANHME =8 =2 72+ pge  FEGT AgHel oA A3e sord & i
%o] FEGT EAXMo|th, Bald @a 7127 doz AR AFH AHAPE w17 A
918 Aete UeElulA vk FEGT ghe zhzie] m ol FEGT 9 2o g S4S 43 ¥EE =
dejuitt e B4 uehdth ot 7 szme  Astel A&d FH& %_‘ﬂ ﬁlol\:—%%_ A% o]
A5 aPHE =9 o PRI ex U, 2 SRE A WAE 5] A8 A
Zo| g27] wjFo|r} NOx ¥y e] AFAlg Aulg 7535t o v
OJHE d=F & zlolth. AFH FFEE ¥l
6. 2 = 71§18 ATt A A WFE FA4H =

4 sere @ A7E B 2UY =9 A
A A7 wbe shag Aol

3 7
Aste) ANARE AZsgon AR @ (1) B & W, “Steam, it’s generation and use 40" edition”
= o

N _ 1= (2) Fluent user’s guide vol. 1-4, Fluent.Inc
+ - 2
2 A”‘]E“L‘ FEGT ¢ 2 dX3h= AMEHRE € (3) T.F Smith, Z, F. Shen, J. N. Friedman, “Evaluation
< T A% of Coefficients for the Weighted Sum of Gray Gases
B AFE 235lo o7 Ao Wy AaE o) Model”, transactions of the ASME, vol.104, pp602,
aiola*i Ho],\o o) Koz Z tﬂo]}\o 1982
; o _,}’EH EﬂNolﬂz‘; A_]] ;j sz};jﬁ} j- E}ﬁll;]j (4) A. Coppalle, P. Vervisch, “The Total Emissivities of
SIS AL, MUK Y6 ST = WSO - High-Temperature Flames”, combustion and flame
7t R 59 FEGT SAFHE =&3 %t 49:101-108, 1983
e Bdeje] sidoju} A 3pAde] o] @ (5) S. Sierila, M. Talvitie, A. Saario, A. Oksanen,
o WolEe BE AYPL Ea Foslrjo= Ay “Renewal of a Multi-Burner Furncae-Modeling of
- . Combustion and Emissions Using Low-NOx Burners”
A A i=) 1 [e] >
¢ ]_9} oj] ‘_}g]}\ﬁgﬂ H 37! wEl kA Technologies and combustion for a clean environment
9 8o "Rt} o] w FHAAF AEA 6th conference, vol. I, pp171, 2001
o] 243 FAV B (6) A. M. Gordridge, A. W. Read, “Combustion and
2 dFoME= FEGT £4& S3l9 A4ds Heat Transfer in Large Boiler Furnaces”, Prog.Energy
o NZMS AZEHREY, @ 2AARY goz Combust.Sci..Vol.2, pp83, 1976
7 AAY 2EE dIx It FAYG IR
4 ddsol FE3 €A FdE AL Ao
A% o) goliE AR ALYE 49 5



