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Development of the Oxygen-enriched Radiative Heat Transfer-Type
Combustion Burner using Self-induced Oscillation
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We have developed the novel oxygen-enriched burner using self-induced oscillating phenomenon of jet

flow which have excellent radiation heat transfer characteristics. We revealed the flame property suitable

for radiation heat transfer is obtained by extending the oscillation cycle. Optimizing burner structure, we

get stable oscillating flame on 1 second-oscillation cycle. In addition, combining multi-staged combustion

technology, the burner can improve heat transfer efficiency by 9.1 % compared with conventional

oxygen-enriched burner. We confirmed that the burner has low NOx emission level below 55 ppm.
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Fig.1 Schematic drawing of nozzle structure for

self-induced oscillation
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Top View

1
Oscillat:ed
Flame

Burner

Fig.3 Shape of oscillated flame
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Fig.4 Schematic drawing of experimental furnace
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Table 1 Experimental conditions
Connecting tube Forced oscillation
Fuel LPG
Fuel flow rate 8 Nm®,h
Oxygen ratio 1.05
Oxygen conc. in oxidant 40 vol%

KI5 HEER#R No.36 (2017)

1600
1400

1200
1000
800
600

Flame length [mm]

400
200

45 6 7 8 9 1011
ts]

Relationship between oscillating cycle

0o 1 2 3
Fig.5
and flame length

0.8

[-]

0.6 — <

NOx conc.

0.4 |

0.2

2 3 4 5 6
t [s]

Fig.6 Relationship between oscillating cycle

k. - —— — e — — — e e

and NOx concentration

4. RBORFEHL

4.1 EREBEOFEORE
WEDOHBIZBNT, EEIZLZELT D700
J RANAEIED Rt & 58 T Lz Ay, REDE I B
L CIEEAMR TR~ 7R AW 1.0 s I3 L TR+
SR TH D, mE 6“@@* Xz &, A
EBORMERELST570 HAEEERT
6:&753‘%@3?%6:&73?%%)0(“60 2T
WICEOR 2D 3FEOEME 2 AWV, e
ESZ2HBAELS LN OERHOMMEZNET D
B A E L7, EEEN—EORSUEERD
L HMREBNALE L D20, TOBITENL
FRVWEGHORBRIIER T DL LT,

Table 2 (iR BR D& 2 R9, A L2 EEE O



K5 HEER#R No.36 (2017)

WEIT 093D, 143D, 1.60D D 3fE& L7, /N—
T OEHEIZLPG & L, fi I8 Nm® /h & L7z,
R L FNIEE R IRIE 40 vol%DEHEELZER L& L,
R 1.05 2 b iiEAE MG T2, 2D H R
FHEEEL, BHEER I LIS EOED
AN HOWTHIE 21T - 72,

Fig7 ICHFEER INIRBEMICG 2 2 ¥ EE
AT, T TEENTEREE RS o EREENR
Der THRLZZb D Z AWz, BEEEREWIZ YR
FEAPMPRL D2 LN D, BEEEONER
WA RN NT, FREEOEA Z 7R L
TW2%, Fig.8 (@ E N & KRB EH o R% %
AT, HAEEONRN /DX WVIEEREE SR <
R bz, Fig.7 8L O Fig8 lZR L7z
Zay MIETRE L ARESREZG N
FETHY, BEEFONRNNIWVITE, BER
BV REN 215 b 2 B E R S ORMBER R 225
MR Lo TND,

ARBRIZBNTIE, BETHL2IEBEHD 1.0
VL EAFER L, KK 1.6 OFEYTRIE LIZIRENR
REEMEFFL 22D D T IC R VKRR &4 5 Fos ok
7

Table 2 Experimental condition

Diameter of 0.93D,

connecting tube D¢y 1.43D,
1.60D

Fuel LPG

Fuel flow rate 8 Nm®,h

Oxygen ratio 1.05

Oxygen conc. in oxidant 40 vol%
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Fig.7 Relationship between connecting tube

length and oscillation cycle
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Table 3 Experimental condition

Case No. *' 2 3 4 5 6
Fuel (LPG)

Fuel flow rate [Nm®,h] 13 13 13 13 13 13
1st oxidant

0, flow ratio™ [vol%] 100 30 10 5 5 5
O, conc. [vol%] 40 40 40 40 40 40
2nd oxidant

O, flow ratio [vol%] - 70 90 57 57 57
O, conc. [vol%] - 40 40 60 60 60
3rd oxidant

O, flow ratio [vol%] - - - 38 38 38
O, conc. [vol%] - - - 30 30 30
Velocity™ [-] - - - 10 20 37

*I Tn case 1, conventional burner which forms steady
straight flame is used.

"2 0, flow ratio of each nozzles when the total O, flow rate
is 100.
*3 Velocity ratio of 3rd oxidant in each cases when the

velocity in case 4 is 1.0.
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Table 4 Effect of 2nd oxidant (heat transfer efficiency)
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Table 5 Effect of multi-staged oxidant
(heat transfer efficiency)

Case 2nd oxidant Heat transfer efficiency Case No 2nd oxidantt 3rdoxidant ~ Heat transfer
No flow ratio [vol%] n[%] flow ratio velocity efficiency
1 0 46.0 [vol%] [-] n[%)]
2 70 48.5 1 - - 46.0
3 90 48.7 4 57 1.0 49.1
5 57 2.0 49.5
6 57 3.7 50.2
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Fig.11 Effect of 2nd oxidant (heat transfer distributions) Distance from burner [m]

5.2 ZERREEIC & BMREHREEDREL
TWRBRACANTI 2, ZREBRACAE VRS e
Table5 (2R F, Z“RBIEHZHLEEDLEDLZ L TED

Fig.12 Effect of multi-staged oxidant

(heat transfer distributions)



Table 6 NOx concentration

Case NOx
No. [ppm, 11 %0,]
4 54.5
61.7
6 61.4
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