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Abstract : We designed a reverse flow burner adopting a rapid mixing nozzle, which enables us to create high-preheat

premixed flames. Lean limit of global flame quenching and flame characteristics of turbulent premixed flames formed on

this burner were investigated changing preheat temperature, oxygen and fuel concentrations. As a result, the lean limit of

global flame quenching extended to extremely low oxygen and fuel concentration conditions with an increase in preheat

temperature, and we successfully formed the flame with extremely low density ratio of 1.15 between burnt gas and unburned

mixture, hence mild heat release rate. OH-LIPF and temperature measurements showed that the turbulent flames formed with

lean and diluted mixture have unique characteristics, such as (1) low mean and fluctuating temperatures, (2) non-continuous

and well-stirred like OH distribution, (3) weak optical and sound emissions.

Key Words : Reverse Flow Burner, Rapid Mixing Nozzle, High Temperature Mixture, Premixed Turbulent Combustion,
Well-Stirred Reactor, Flame Structure, High Temperature Air Combustion
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Details of reverse flow burner, mixing nozzle and coordinates
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Fig.2 Velocity vector field in non-reacting flow at Tox = 1173K
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Table 1 Flow rate of each gas for varying oxidizer temperature
Tox Heating method Flow rate of gas Resulting
H, O, N, balence Air [oxygen conc.
K Ly/min Ly/min  Ly/min  Ly/min %
373~773 |Electric heater only! 0.00 0.00 5.00  60.00 19.40
873 Electric heater 0.50 0.25 4.50  60.00 19.40
973 + 2.00 1.00 3.00  60.00 19.40
1073 Stoichiometric 3.50 1.75 1.50  60.00 19.40
1173 H, flame 5.00 2.50 0.00  60.00 19.40

Table 2 Typical examples of gas flow rate for varying oxygen

concentration
Oxygen conc. H,O+N, balence  Air N,_dilution| Total flow rate
% Ly/min Ly/min Ly/min Ly/min
19.4 5 60 0 65
12.9 5 40 20 65
6.5 5 20 40 65

BALFIDOWRIE BRFEIIE 194 %) 2 2L ¥ 3 55D%
SEDOUHGTREZ R 1 IRT, R 1 IR SN AR E
(Tox) W& N—FHEICB W THREMIC K DFHIIL Z2ETH
%, 713K P TIdEA E— 2 licFaL, 873 K ML
WKPEAL 7 AICIE KRB EBEELMIBE L2, 2, N
VANAE LTEENAZ G, ZDYE (0~ 5 Ly/min)
ZIRES L 2 LIk o TREAIh OBERIRIEZE 19.4 % I
RO X I ICHHEEL o, ComiRBLANRIC, FiRoMmEz
BALTTPRARLET 20T, RAXEREDIREXIE
(Tmix) (FEBLANRIE (To) & D PREWIRE (10 K DIA) &
RBl, BRE—YDTFA V25T 5 ETHEESHAD
FRAKBEEICR2 LX) ICHE L L, 20k kiEET
WV, TPIRARIE (Thin) 8 & CEILARRLEE (Tox) % HIVHRLE
D5 FELINIC72: 2 X9 ICFHEL 7.

2.3. BMERIOEERRERE

TR AL D ER S I 1 % 2541 & ¥ 7o Bh A D 8RR D e &
2R 21T, A OBBEIREZ 194% UTICT 54
Bk, HREFNHEZDOGTTE (Quir + QN2 dilution) &
60 Ln/min (272 X 912 L, 225dH 2\ kA EE R
DEEGEENIE S I LICk > THNDOMBEREIC: 3 &
AT L 7. £/, BUAIDIRE L 773 K ML LIS FET
2350, G S N7oKE LR IHGERIC R 50, B
HIOBERIEIC X D HEKROEPED S, 2Dk, N
7 v AMDEZREINZ, MEZER E N T v AHDESE (Qeo
+ QN2 balence) D ERITREE 5 Ly/min 1272 % X ) i L 72,
F 2R TIEREIRE I BILATIE (Qox = Qair + Qna_dil + QNa_bal
+ Qmzo = 65 Ly/min) "FDEZE DT IVIEEE R T,

2.4, gtllieE

WEEIE X, A SOGZ2 B IET 2 72 Sio, #E % 1
L 7- 5888 25 um @ R ¥ A 7" (Pt/Pt - Rh13%) X % H
Wiz, BMENORE NI —RAT7 4 LY (5 kHz) TriJA



LRI, SURIRE & T BRG] & 0 ZOBIR IS K D TRIR S 12 Bl PR A KR O AHHN SRS & AR

Cylindrical lens

=S

A Long path filter : 248nmy 45°
"> UG11: center 330nm, half width 85nm

Image data

Fig.4 OH-LIPF measurement system

(2]
(2]

—— Ideal
O Non_premixed (nozzle mixing)

9
o

B
o

Ll
o

w
ol

©
o

T . =1173K, Qox=65 LN/min(O2 19. 4%)
Concentration of CH4 measured

Concentration of CH4 %

2.5r at the exit of supply tube
2. 0 1 1 1 1 1
0. 25 0. 30 0.35 0. 40 0. 45 0. 50

Equivalence ratio

Fig.5 Fuel concentration in unburned mixture

B/ A RZBY RO, AD a3y N=8 241 T, /=
VI arvEa—FIZWDIAAR., RSN EAGEN ol
ENEFE, FHERETJOENEIE e S Nic s { BHER
MIEMTON, MEEF LIS, WEXY > 7Y v
JTEIRE 20 us T 1.4 PR E L7z,

4 1T v — ¥ Bk BT W 8% B 75 (Laser Induced Pre-
dissociative Fluorescence) IZ & % OH JRJEH 0 2 RyuWiiEh
HHC Vs & N lE R O Z /R . OH-LIPF HHIDERIC
XX 1(c) DMFBIRESZ LR 7 A L TEBDOHFD OH 47
A% G L 72, LIPF ARG I 1E Ke-F Excimer L —4
(Lambda Physik, Compex 150T) % i\, Jhiid 1% LIF 4
TN IIE DD I W HT IR R TH 5 P2(8)line,
248457 nm & L7z, 72, BT AN O O RGHEE K
L, =¥ (JEEH 02 mm) 12X LS iz OH 4%
HNERAD DL, Ay I NRAT7 4V E UG 74V
& (PR 330 nm, PElE 85 nm) & VSR R E
L7cth, AXA=SA VTV 774T7HRED CCD A A5
Ik DR L 7%,

(€3]

121
1173K 1173K
“ o 2| 0 MBR] .
e g E[1073K g
Auto-ignition [ g B [ o
o uto-ignition .g © Auto-ignition g
2 g El g
=} . g d
= 2
8 = f S
Q . 5 >
5 8 s 5
= 3 5 3
8 s & g
Time Time
(a)Case 1 (b) Case 2

Fig.6 Schematic illustration of auto-ignition behavior
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Fig.7 Direct photographs of city gas flames at Tmix = 1173K; the figures in the photographs indicate the fuel flow rates (Ln/min)
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Fig.8 Mean and fluctuation temperature of city gas flames near lean
limit of flame quenching
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Fig.10 Adiabatic flame temperature calculated for the condition of

global flame quenching
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Fig.11 Laminar burning velocity and adiabatic flame temperature in Tmix
= 1173K at various oxygen concentration
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Fig.12 Instantaneous OH-LIPF images (Tmix = 1173K).
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