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Synopsis :

Low NOx radiant tube burner has been developed for the multipurpose continuous
annealing line (KM-CAL) at Chiba Works, Kawasaki Steel Corporation, and is now used
at many furnaces such as CAL, CGL, etc. This burner consists of a two-stage
combustion radiant tube in which combustion nozzles are arranged in a ring form.
Primary combustion is initiated by the gas flow from encircling multi-nozzles and the
outer air flow from the outermost nozzle and secondary combustion is effected by the
inner air flow from the center nozzle. The above-mentioned smooth two-stage
combustion ensures features described below. (1) Uniform combustion is achieved in
both the circumferential and longitudinal directions within the tube and this
contributes to low NOx and uniform temperatures of the tube. NOx emission is about
35% lower than that of conventional burners. (2) Smooth mixing between the gas and
air is conducive to lower noise and higher combustion efficiency. (3) A device for igniting
between outer-flow air and the gas provides a stable ignition source which accomplishes

stable combustion even at low turn-down
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Development of Low NOx Radiant Tube Burner

Kuniaki Sato, Shinichiro Muto, Fumiya Yanagishima, Yuji Shimoyama
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Synopsis:

Low NOx radiant tube burner has been developed for the multi-
purpose continuous annealing line (KM-CAL) at Chiba Works,
Kawasaki Steel Corporation, and is now used at many furnaces
such as CAL, CGL, etc. This burner consists of a two-stage com-
bustion radiant tube in which combustion nozzles are arranged in
a ring form. Primary combustion is initiated by the gas flow from
encircling multi-nozzles and the outer air flow from the outermost
nozzle and secondary combustion is effected by the inner air flow
from the center nozzle.

The above-mentioned smooth two-stage combustion ensures
features described below.

(1) Uniform combustion is achieved in both the circumferential
and longitudinal directions within the tube and this contrib-
utes to low NOx and uniform temperatures of the tube. NOx
emission is about 35% lower than that of conventional burners.
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Fig.2 Design and NOx emission of
conventional burner

=7 OTPERE TeaDBE SR L, MRS, No. 1 CAL o %P
FF bR LTH L, BHRTHRT NOx kST, 2 By <—
TOBMREE (1K T7—8 - 1RSHEREIY) »FEL
REEORBOFERTH 5,
EEBIFICHITSERIL, BRIV T A -TBLIUTF
BIT-DREHNERL, FEC NOx S5 S EmT
DT, 2T b F2—7EENFHE TR, AR
i, SAERIhTESCEL, =100 TEE L% 5,
e —FDEFIC BT S NOx BiiE, 130~ 150ppm (¥ —
T ER~NKBT T=300-30CH L ZDL L) T
0, ZORICHIET 2 ERIFEM L, Thr=950~1000C, T,=
IL~-BICThH 2, CORFLLIBOSA—FEBDOIEREE L7,
Fig. 2 08806, fE5K 0 2 Britkle < — -+ T, NOx i
DIHERFAHLNT, —BOLEF2EN A —7 0 2~— AT
B35 NOx #ERBOEVGIKETo 2 BigksED, 507 0 L
Fa=THTERINZ I LR ELT WS,

- TGRS ® Vol 15 No. | 1983



83 FUT v b F a2 —FRENOx S —F DR

4. BREL/—FDHEE

ST Fa—7HRELT, AMBELLKNOx —F
S¥EE P Fig. 3 (OR$, F3—Fid, g - R L
FE i, ST v bFa—7HBOBRES (L2 L3 BR
Lt ThHb,

Aoi— R BRI T — % 2 E LT, b E AR IC
L, F o —TRETEES R R T — (DR A, £ BFAC)
T, 1R E, owWThLIERELLART T — Lk AL
BSE0) (DF D 2R ITHORL I EICE T, Fa—7NE
THAL—Z i 2 EmER -2 b nTH L, [k, ~—F
JENEolEr TRL, 23 Tk~ Omsrit o
ErHHTvid,

A s— b OERERIL Mg 3 IRT BN THN, EEEIZ S
N NEELFEATE L, NOx LK & BB & O BRz ER
FTHRBELZLOTH D,

Zeds, A—Fid, HETAURITHEIR LA mEAE - BpEUR IR KS
SO RAENTEFREF RIS LOTH), KS-2
A=k laf L7z

C.gas nozzle

. (ras chamber
Retention

=) _Se_condary—

primﬂr'y"—;combustion
T L combustion
Retention
A
4% " Radiant  flange

tube

Burner factor

Inner air flow © A,

Outer air flow [ Ao

tnner pipe dia. Dy,

Retention flange dia. : Dow

Number of gas nozzle hoies | N

Gas nozzle dia. . Dg

Gas velocity at outlet of nozzle | Vg

i.ength between retention flange
and tip of gas chamber: L,

Gas chamber dia.: D

Inner pipe length ! L:

Fig.3 Design and factor of K5-2 burper

5. A=A ERE NOx £

KS- 23—+ O &R ERAEER T, Fig. 2 1277 NOx
FEEOMFETT — 8 BRI, N FHREROEEE
BAEY 572002, Th=300C 2815 NOx k¥ £ T -7z,

5.1 A7 —HLEORE

AR (AGE/ e W, WPHAT 7 oMb Tk
HH, AEBRTIE, MEE DN T3y 77 P Dk
TieEw, ALEFFEL, 2 X 2ONOxEKE Fig. 112
TEOFEBECETAREOARBEEGERY Fig. 412577,

ALEONOxEHKIC B LT THEIIEE T, AlbE=
35—80% T NOx 7715 & h, A LL#<30% T, A Rt

NIks%skFEs8 Vol i5 No. {1 1983

Soft flame of redish-purple color

Blue flame

at primary combustion Blue flame at serondary combustion

R
160 [
v NOx (ppm)]
140 ° of conventional burner
WHARN \ N=14
i N NOANNNNT  Ve=sonmss
— 120 L= 30mm
5 ¢ L2= 260mm
= 100t \ 7 D= ¢126mm
z \ o
b =
60 -
YV U N Y T S S Y s

0 20 40 60 80 100
Aj ratio(%)

Fig. 4 influence of A; ratio NOx emission

iCE b nE L < NOx »#idind 5, ALb®EHEIC NOxE
B Xt e R R L, B NOx 0 AT, 2ths
T hAeRERRRE RN A0~ X 2 BN E L L Ty
Z, FNLAD ALETE, 1RBsED L 2RSS v
—rrEa kR (TA—R) FERL TS,

52 HRX/ANABOEE

Pbeas—2is, A ATHY, PIRFW TR
Hy— 2otk K BATERLI LT v 2o h, PRI T oML T
AL, RS INABEELSEERET-1, 2D
% Fig. 5 12md,

HR S INVILEOTRI T 5 NOx Bfbd RS <, Ll
7 ATLS ZcE L, 2L/ T LikiERIC 2 T — )
FHTI—REFZN o FFARMRELTEY, & NOx
FhaTwh, —F, BIL/ XATIE, 1k s v —7
TN —RELD, BNOx &% Twb,

AiElE, HEASATHTRAEET-ORGFEH L 22T

N 2z 4 #
NOx{ppm] 119 80 109
Com-
bustion
condi-
tion

Sharp.ﬂame

flame Fuel-rich Soft flame
Red flame| of redish-purple of blue

“| color color
A ratio—40%
Ve=B0Nm/s
L=0mm
L2 300mm
De=¢126

Fig.5 Comparison of N(x emission by the change
of number of gas nozzle holes

._83 —_



TUT b Fa—7HIENDx o F OB R 84

Uy FMTOE NOX, #%EFid, 72 50T — OB o mis
DI & 5 BEBIETOE NOx & B2 5002, 502, DA 4
i TORETE—IiZ>0TiE, <—F2]Y T EEIC L & 2
SE, BNOx L% dZ LI TLE,

HEDEREL 202, LIBEO S~ 452 Tk L7,

5-3 HAREOEE

HRIZA RS X0, WHRIT = N 68T 35— o, <—
T, AR LT —oEE R, M./ M o - s &
WHIREIR L, Mo/ MDAz 080T BRI (2 v — 7 20
) & A Bm,

B & BT 2 AT, FAONMENE V. 58k T
NOx EHAERE L2, ZOES Fig. 6 1257F, AERTL,
Faier £ 54z, Vel Kiz e b 7w, v 7 b AR E L
N, BENOx & % 2, — 12, Mo/MD BB 13, Mo/ M=
0.2~0.3TH, 27 —MH KRN+ — 77 L 70 2 55, M,/
MODBEMZ LD KREGHEAOMEMIZH 20T, Vit 360
BALTE, NOx 3KIBICERL b s 22 [2F (-

Tl CHROBEBFNOBIRES L T, Ve LIF$
Sy ZT =/ X b OB TFT, Mo/ M 5 %mT 2
S, WHENOX BRI THEEEZ, YT iavT5
PEZT - LRMIZEIR) 2T, A,/ AND LD EEN LT
—TLEE LIS, FOBBERNEL:, FDFERE R
~ 5,

54 JFriarISLsHRONE

BT ¥l ar73 9% Li=30mmOFEEICRY 24T,
Ve=60, 80Nm/s TEER L, o~ —F 21 Fig.6 & [{—iz
Ll ZOLE, L7750 2HBEHE (A, XLEBOBERED o
LEid 6 T, IR INT VLTI L0 4,

EBOERIL, Tablel ioxi4 L5 12, Ve=60Nm/s T & 1
NOx E%-THY, Fig. 6 {5112 V;=80Nm/s & o ¥pe7
Co ST, Ay ANTANBEREND LY B E AT
I, 3.TNm/s £ % 2,

120
ol Lr
Eof — |
£
S
= - bx
\\

I

0k _ 4 L 1 i 1
40 60 80
Ve (Nm/s)
Ll:‘-Omm

D= $126

‘ Vi Mo/ Manlat Toa=3001)
A1 ratio=d0% 1, ~ 300mm

o 0 0.27
elocity at oylet 60 0. 40
o Ao nozzle, Vi=9 4Nm/s 80 053

Fig. 6 Influence of gas velocity on NOx emission

— 84

Table 1 NOx emission
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Table 3 Comparison of furnace efficiency between conventional
and KS-2 burner (at excess O, of 2%)

Conventional burner | K S burner
" Exhaast gas temp. T C 870 820
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Recovery efficiency of recuperater #=Qy/ Qe 0.279-:0.283 - about 0.28
Furnace efficiency a 0.712 [ o729

Decrease rate of fuel consumption 1 — lmﬂ_l

T iH0-(1 .0
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T as
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Qo - Heat loss (keal/t)
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