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NOx Emission Characteristics of a Self-recirculation Type Tubular Flame Burner
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Abstract : With use of the ejector effect of tangentially injected high-velocity gas streams, a self-recirculation type tubular
flame burner has been newly designed and its NOx emission characteristics have been determined. The burner has eight
tangential injectors, each of which a recirculation pass is connected. The extent of recirculation of the burned gas is varied by
changing the number of the recirculation path opened. Results show that with an increase of the number of the recirculation
path opened, the NOx emission is decreased. For the stoichiometric premixed combustion, the NOx concentration without
recirculation is 84 ppm, which is reduced to 46 ppm when all the eight recirculation passes are opened. For the stoichiometric
rapidly-mixed combustion, in which methane is injected through two injectors while air is injected through any of the
other six injectors, the NOx concentration without recirculation is 75 ppm, which is reduced to 31 ppm for the other six
recirculation paths opened. This value is further reduced to 9 ppm at an overall equivalence ratio of 0.8 (the air excess
ratio of 1.25). The temperature distribution is determined along the burner axis and it is found that with an increase of the
number of the recirculation path opened, the high temperature zone shrinks and its distribution is flattened below 1200°C
for premixed and rapidly-mixed combustion. This suppression of high temperature zone may lead to significant reduction of
NOx emission in the present burner.
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Fig.1 A self-recirculation type low NOx burner [3].
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Fig.2 A swirl type tubular flame burner (above) and the appearance of
flame (below) [7].
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Fig.3 Premixed and rapidly-mixed combustion [13].
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Fig.4 A 1.25 inch self-recirculation type tubular flame burner.

(c) Section C (enlarged)

2. RBREESIUERTE

B 412, SREYEL 72 B CPESRAER KRN —F DY
WEA BT, N—F Uk, BERE L RBEE S 2 5. BEERTIE,
W 315 mm (1.25 A ¥ F), £ (EHRREANGD & WA
it F T OFEEE) 70 mm T, WHEEANED 5 15 mm D & Z
HICHAZERITINCRERTA VP 27 7 =238 R, X
FROZEICIND (1 61T %,

ZOWEZ M 4b) 12, F12, —ODA VP 27 ¥ —ITD
WTOIKREZK 4(c) IR T. =¥ =77 —&RICE DR
BED A %G AT -0, BRAEKENE 2 mm D84 705
FIR _EICE%T & 7 N 4 mm DM FLZE B L CEd TR
SHL, Z2o@AEZMMAL T, &AM E ZEA[THICH
572N 10 mm DOFEER D> & PABED A 2 LD A Tl
EERoTWV5S,

B, A VY27 —DONEDREIZH 2> TIX, #%ib
T2 k91, YR 1 TEM 10 kW DB A D=L R
9.53 m’n/h ZHIFRIC, ZEEDBVWERKLEZVRIE 2
72O IZNFE 31.5 mm D N —F NI E H 9 3# %2 20 m/s B
BEl, ZHchbE CHALONEZ 4mm &L, T
WLTHaRIY ey =Rz b omEEizED Hd
oA 27 —DOWNEE 2mm & L7, bARAIL, H
FIZ 9.53 mnh DZELENE 2 mm DA P27 5 — 8 A
POREHL 72 & ZDOWMMEIZH 100 m/s, HNEE 4 mm DL
MY ZRFOFEIIH 25 m/is E o TG, 7, TG
BoNKIZ, BEOL Y INVNZ VY RO Ty Fa—7
DANEE (66 mm) OHIFANTTE 3 721K E Lk % itk 9
X< 10mm & L7,

B, ERE, K5 EICRT LI, BREEHLKRO TR



150

Premixed

Rapidly-mixed

Fig.5 Premixed and rapidly-mixed combustion for 1.25 inch self-
recirculation type tubular flame burner.
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Fig.6 Schematic of the experimental apparatus.

G5% MDA v 2 78 —TRTHhH6H-ITREHTT
BEWMRBEEOLE L, K5 G2t Lo, 6filof P
78— 63RO HR%E, KD D 2 l0 5 13D A% IR
EHTAMIEARBEOL GO D ILOWTr-o 7z, 2
IRATBRBEIRE, RRIOIR E LI I3 225U NS W T,
PRBHIR & H L O IE BRI I3 W I ZE VW TR L 72, &k,
HoRkd oz 27— Bk, 208EABER 1034 TH
D, BRKBRBED BALEM % o7 T RE R L %>
TW3[13].

X 6 12, EEEEOMKEZRT., KROEHIL, WEHH
IR E 300 mm, WNEE 68 mm DAWEEZES L, HEER
FIF0 (L) & Wik i) 1o ro 2, REDH
ElE, B X 600 mm, WEE67.5mm D AT v L AEZEEEL,
FHREE 02 mm D PY/Pt-13 % Rh AAEX 2 hLdii LTk 5
N — A E T RS A & SR & 7z

—J7, NOx & CO DIREDHE X, I HEZ 600 mm,
NEE 675 mm DAT VL AEZESL, N—FHOLD
100 mm _EFROFLE TR Ty L 2O T a— 7 (B,
638-93071-01) THIN L, Z N Z bt NOx G (B,
NOA-7000), ZRIMEA A Z3brat (B, CGT-7000) 2 VT
1oz,

MElOX & v, BXY, BRI, ZRZFNEER YN,
arv7uryy—pofiiEn, FE AR CRE %
E, N—F I NG, WEHRE R FAREICT 5420,

(56)

HABE & 5556 5176 5 (2014 4E)

Front

Front

®’=1.0 t

(b) Rapidly-mixed combustion

Fig.7 Appearance of flames in the self-recirculation type tubular flame

burner at various mixture equivalence ratios (a: PM, b: RM,
0 path).
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Fig.8 Appearance of flames when the number of recirculation
path opened is increased for premixed combustion
(@=0.8, 0, = 9.53 m’n/h).
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Fig.9 Variations of flame appearance with the number of recirculation
path opened under a constant mixture equivalence ratio (PM, side
view, 0, = 9.53 m’w/h).
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Fig.10 Appearance of flames when the number of recirculation path
opened is increased for rapidly-mixed combustion (@’ = 0.8,
O, = 7.5 mn/h).
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Fig.11 Variations of flame appearance with the number of recirculation
path opened under a constant mixture equivalence ratio (RM, side
view, Q,;-=7.5 m3N/h).
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Fig.12 Stable flame region (a: PM, b: RM).
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Fig.13 Variations of NOx and CO concentrations with an extent of
opening of the self-recirculation path for premixed combustion.
(a: NOx converted at O2 =0 %, b: CO, Q. =9.53 m3N/h).
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Fig.14 Variations of NOx and CO concentrations with an extent
of opening of the self-recirculation path for rapidly-mixed
combustion. (a: NOx converted at O2 = 0 %, b: CO,
Q.= 7.5 m’w/h).
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Fig.15 Variations of temperature distributions with an extent of opening
of the self-recirculation path for premixed combustion (a: 0~500
mm, b: 0~80 mm, @ = 0.8).
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Fig.16 Variations of temperature distributions with an extent of opening
of the self-recirculation path for rapidly-mixed combustion (a:
0~500 mm, b: 0~80 mm, @’ = 0.8).
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