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Re =500

As the Reynolds number was increased above this value, a transition point
appeared along the flame, downstream of which the flame and flow began to
fluctuate.

Re = 2000

Proc. of Roy. Soc. London,

A431 (1990), pp.301-314 Figure 4. Instantaneous distributions of {(a) coupling function and (b) temperature 21
in flame jet for three representative cases of Re = 500 (i), 1000 (ii) and 2000 (iii).
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The radial distributions of density and transport coefficients were found to play
dominant roles in this instability, and hence in the transition mechanism.

The decreased density in the flame accelerated the instability, while the increase

in viscosity had a stabilizing effect. The most important effect was the increase in
diffusion coefficient. The increase shifted the flame surface, where the large
density decrease occurs, outside the shear layer of the jet and produced a thick 22
viscous layer surrounding the jet which effectively suppressed the instability.
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Fig. 3 Schematic diagram of experimental apparatus of two-stage diffusion combustion
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Fig. 1. Experimental apparatus (configuration of burner, magnet and cylindrical coordinate system, (r, 0, z)).
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Fig. 11. Magnetic effect on mean velocity distribution calculated by numerical simulation. It was obtained by the same image

processing as in Fig. 4.
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Ida et al. ISSM3 (2000)
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{c1 P8 o

x/d

Figure 2. Effects of wall boundary condition on flame shapes ((a) (b) heat release rate contour [GW/m3], (c)
experimentally observed CH* emission by Ref [4]): burner diameter, 4, is 0.3mm and incoming methane velocity at
the burner port, U, is 2.0 m/s. (a) 300 K wall condition (with one-step reaction model); (b) adiabatic wall condition
(with one-step reaction model).
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* ZRTEEEFESKEICET MR RICHRIC & S BIEfEN

A AR
Premixed gas
CH,+Air
T, = 300K

SELbo= 0.75
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REOHERELDIMELITTES,
Coy [mol/m3 ] REDIEEBMNLENEICEST, BI
T ARROOHBEAKEEILL TS,

4b

|, | »EIREORSEGTEL, KL
£ 12 P EERHTIBEN 53 |

0.015 K;kﬁﬁ%% A
- RRHEHEOKEE
“KRRHEHEOIEE

CREEA EERAIS DA MA )

2 0 2 4 6 8 10 12 14 16 18 * KRAEHEDIEIES N
X [mm] K /

Un=2.0m/s, k=0.3mm?1, f=500Hz

[EF#MFRIMIE, 71 (712), (2005), 3038-3045] 64
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* AR VB RUKRR-ZRPRE[DENFEICET 5 HIERN

VA 0.5

0.45
/’/;——\‘ 0.4 e ﬁ —— R=0.3 mm
0.35 \ —— R=0.8 mm

0 1 1 1 1 1 1 1 1
03 04 05 06 07 08 09 1 1.1 1.2

gap distance (mm)

[Combustion and Flame, 157 (7), (2010), 1414-1421]
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[International Journal of Hydrogen Energy, 36 (15), (2011), 9286-9297]
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- TR RIS BT & R R IC#HHE = A UV - BiE A2

R(2)
NO 0, co
A(NO D(O,) A(CO) D(CO)
| ID(NO) i 1'11 ‘-H ; | ]
NO(s ) faseeeei J R0 CO(s)
O(s) R@) —T
R(6): } TS T Gase
X RG3) —
NO,(s) H,0(s) CO,(s)
I)(N()z)l I A(NO,) D(COz)l IA(COZ)
D(H,0 A(H,0)
NO, H,0 co,
Reaction rate (1/s)
[__] Gas Phase
) W=10'~10° — W=10'~10?
[ Solid Surface P W=10°~10"  ...p W=107~10"
= W=10~10" — w=101~[0"

Fig.6 Reaction route of NO oxidization at x=4 mm
(Un=1.0m/s, T;;=650K, Xnoin=1000 ppm, Xcoir=500 ppm,
X020=10 %, 1/4’=0.05x10"" m?)

NODER{L : B &Ptk

[B R ESMRE (B#E), 75 (756), (2009), 1669-1677]

CO

AO)

A
A(NO) l ' D(NO) Ill A(CO) i i D(CO)

oo

B .l
L]

D(CO,) l
D(N,)
—
N, Cco,
Gas Phase B W=102~10°
-+ W=10! ~102
. Silid Subacs - W=1.0~10!

“» W=0~1.0 (1/s)

Fig.6 Reaction route (7}, = 750 K, U;,= 1.0 m/s, ¢ = 0.9, x = 1.0 mm)

NODES T : AP LRhfilllk

[BARBEERES, 49 (148), (2007), 128-136]
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- EEEXNRRFEERNLONEEEICET 5 HIERH

Y.
[mm]A A e
10. By oy
U=uy ' e uU=-ug
I —
?X= premlxed n 3 @=0
Ox | ‘—E Ox
=7 . air/burnt 21 T=T,
Yi=YiO : £as > | Y, =F
-
'75 0 7.5 x[mm]
—0 V= O —T—-O *:O
o %y oy

Fig.1 Analytical model and boundary conditions
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[BRRBEEREE, 55 (172),
(2013), 131-137]

ZHAREZRITHIE/NERGRODIER
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[BRBRBEFESEE, 55 (172), (2013), 131-137]

BRHET L Cubic of 1 mm side length
0.25mm 0.75mm

Popdus Medium Inj/evévrA /
L rnt gas

v
’A/so /Omm /(
Z < >
Y 1.0mm |
h: Ignited here
X 72

161X81X81 Equally-spaced (0.0125 mm)

H2/Air
premixed gas
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[ B AR EES4EE, 55 (172), (2013), 131-137]
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[ B A #RgEE4EE, 55 (172), (2013), 131-137]
D porous medium >
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500 - 540

Flame stands injector downstream edge at first.
Flame goes into porous medium injector gradually.
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X = 1.068|75 mm (1=87) x =1.11875 mm (1=91)
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Temperature [K] [EARELEE, 55 (172),
(2013), 131-137]

Temperature is uniform in each microsphere, and increases gradually due to
heat conduction from flame arrested at porous medium downstream edge
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[ B A4, 55 (172), (2013), 131-137]

<4— porous medium

— i B . S
...“ — L
- A i -3 . — —— —-

.
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— - - S

- - S

Bl - -

- - e

H2/Air - .
premixed .. e
gas

-

T H,O mass production rate
-10 230 [kg/ (m3 'S)]

KDEEXBEEEEERINLD -
Random model, £=0.5591, Rh=0.03314 mm, Uin =1.3 m/s, 7in =500 K, Y7 =Yiin (¢p = 0.4?
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- A—ITTF7—N\—F Ik HRBRBD/NEMLIZEET S HERRT

Tairl (K) Uairl (m/s) ()

4 E KA 293.15| 0500 | 5.6
Fuel Air Air Fuel Air %#I:B 1500 2558 56
Normal burmer Center-air burner

FHC 1500 20.467 0.7
Fig.1 Schematic model of center-air burner
FEHA B C A B

5 10

CH/E=573

[BEEWMFRIXE(B #&), 75 (760), (2009), 2535-2543]
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ABER X (2010 EER™0)

ST EROINE XN EERE D H
(ST B IS S A — (5;) D ORSEISEAELELY

-

G. Kirchhoff

T |
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SeE LB S
B EDZE

B:Em(WE) DHE

EEREORHEIZHNT
5t Ee=RINEa
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[BRERFRIMIE, 19 (1), (2011), 17-24]
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Gas phase species

H,0,

Radical species
F5NNVOTF TR
_ Adsorption of radical species

Desorption Adsorption Surface reaction of adsorbed species
4 msml»  Desorption of stable species 80
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[9th Asia-Pacific Conference on Combustion, (2013), CD-ROM]

ZrO2 ceramics )
[Proceedings of Power MEMS, (2014), 1]

y (mm) T =300 °C

e
e

d=6.4 mm

Analytical model and boundary conditions

[mm]
0 =

Inertwall / Active wall

1.0 ==
1 127 |
. . ... . S0 6.5 0 I | 6.5
2 3 4 5 6 7 8 [mm] 5 [mm]

—m X (mm) [kg/(m?-s)]

185.82 o ) ]
[Proceedings of the Combustion Distributions of OH mass production rate wg,

Institute, 34 (2), (2013), 3379-3386] for T, =1200 K, y,,= 1.2 mm 81
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RitERAENFEOEREAER (PSI-CELLET ILZEA)
B ARER, EBAENX, IRILXF—FER,
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g My | qu A,
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BETETIL
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X

[B&#BEE =S, 51 (158), (2009), 343-353]

112mm

EDF
¥+ %k 100 % 100 x 100
Ul ER60F8 F I PRA& (0.1 mm)
5V FEERA0FF A MEIFRA& - (0.1~10.8 mm)

AR T
ZRFEHT BEIH (X F1& :CH,)
MEERE
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SRR 500 KGHE &)

B4t %
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[Chiy, H.H. and Liu, T.M., Combust. Sci. Tech., Vol.17, 127-142, (1977)]
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BEEHEOD=nmDOEREZEIL
t = 40-55 ps
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[ BRRFEFREE, 51 (158),

EERBEA AT, (2009), 343-353]
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RRITETILE X VERSEH MEREERd, EHHEE
Spray region PHSER D,
D T >

4 mm
- Exit(EHBfkH)
Symmetry I
plane /
< Ignited here  Flame propagation AT T , THhY
Ii‘: (1500K) mBE: BHR
X FRIBE i
fBFE 121X81X81 S

&/ FER 0.1 mm MIEE: WHLEL gg



Droplet diameter: 40 um
Number density: 4 mm-3
(Equivalence ratio: 2.82)

HARMBEFRIEFESLE
HRXEE (20125 E)
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Droplet diameter: 20 um
Number density: 16 mm-3
(Equivalence ratio: 1.41)

HARRGEFSIEES4E
HREE (2012FEF) 91




Flame propagation velocity IJm/s]

-

(=)

O1

BB FLE EH A BB (3)
IR 3¢ 5 T AV M0 24 R L OD BB (R (PR T B %)

T L PUELE '
4 do [um]
L " -m--10
. .®--30
- . 40
oA | ag0
L o Py A. A-@-70
- .' D:. . . .",..
. A 1= ‘0 D...' ‘@ - @ ", .‘
@ 0 - -
‘ DDD 00.A.
= Ho, e
- o (YR
[ M A B . %00
0.05 0.1 05 1 5 10

Initial equivalence ratio ¢

92



BMAFEES A EZRRRR(3)

- BRFPESIOERESRBEICE T HRBRMNES &S UIEEEEBOBIERHT

Flame Index : #¥ERICHTNLEIEE
> BEOBINZEOERIGEBBICEINRIEEDAEN

BiE T EERTRIBZERRPICER I 5L G MREEE:
FRILFIEL THOEBRENFEESREABRZEROmAIZHFE
COBESTFO,EHA > X,, V,

BROILFENERIREFX, YDELLTEBMINTUWWANTTEEGX
RIEBEED, BN RBENDEEATES.

- RIGEEFEHMIIFCEL, ERBE] ELVOBMEEEA
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I 51)
k=21
k = 62:
k = 63:
k = 64:
k = 65:
k = 66:
k =67:
k = 68:
k = 69:
k =70:

k="71:
k =72:
k =73:;

Wgym = Ky -

BMAFEES A EZRRRR(3)

KHEE
HO, + HO, ---> H,0, + O, Wo2 = Ka1*Choo
HX, + HX, > H,X, + X,  Wq, = 1/1-Ky,*Crpyo
HX, + HXY => H,X, + XY W = 2/2-Ky; *Crixo” Criny
HX, + HXY ==> HXY + X, W, = 2/2-K,; *Crixo” Criny
HX, + HY, > H,X, + Y,  Wg =2/3 *Ky; *Crivr*Crryo 3/3
HX, + HY, -—--> H,XY + XY  W;=2/3 *k,; "Ci,"Cpyy, = BOI3
HX, + HY, > H,Y, + X,  Wg =2/3 *Ky; *Crivr* Crrys 3/3
HY, + HXY —=> HXY + Y, Wy =2/2-Ky; *Criyp” Criny
HY, + HXY > H,Y, + XY Wy =2/2"K,; *Crivr* Criny
HY, + HY, > H2Y, + Y, W,y =1/1-K,; *Cpyy,2
HXY + HXY > H,X, + Y, Wy, = 1/3 *Kyy *Cpip? 0/3
HXY + HXY —> HXY + XY  W,,=1/3 *k,, *Cr?2 = 3/3
HXY + HXY > H,Y, + X, Wy =1/3 *Ky; *Crip/? 0/3

(Crxo® +2*Cryp*Cryxy + 37 2/3°Criyp"Criyp + 27 Cryyp " Cyyy + Criyp® + 3+ 1/2-Cryy®)
Chxa® * Crxy® + Chy2® + 27 Crixo"Criey + 27 Crio Criyo + 27 Cyyp ™ Crixy

=(Chxz *+ Crxy + Chy2)? = Chyop” 94
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- MEZROKR-Z[AFESKEONRBEICHT HKE/NT A —F OFHA

5000

WHZOémax
Stagnation plane 1 [kg/(m*-s )]
yA [
| 600
Flame i Flame 000 — I
i . | 500
H,-Air i N\ Ha-Air = g
[ [~ 2
| ~ == 4000 - — 400
{ > - .
| o X = *
i - N — 300
i \ 3000 - -
v : * = 200
u ! - 100
i . 2000 ' | ' E— | — '
Fig.1 Analytical model of counterflow 1 15 2 25 3 35
premixed-twin flame V.aCr [mm-?]

Fig.8 Relationship of Wy,0 nax 0V, (Crand V, T

[BEREWFRIXE(B §&), 79 (807), (2013), 2486-2496] 96
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BTETIL

High temperature air

Methane-air
remixed gas
premixed s Uo, @0 T

U.i, T

airr 'air

|-

0.25d

3d

v

3d

»

£ y 4d
The origin is the
yx center of left-hand side

[%52 EIABED LRI LBERIE, (2014), 1]

— Calculation grids  —

Number: 81 X 61 X 61
Spacing: d/20
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Distributions of Q [GW/m?®] (z =0 mm section)
y [mm] $=12,T,=300K, T,,=1500 K, d=1.0 mm

X [mm]

N

—h— - T

—_— e e a

-—
-—
-—
-—

-
4.91
(c) u, =7 m/s

o Elame with curvature is formed on central axis, [*>2 BB ZRIDLRRMISE, (2014), 1]

o With increase in u, the flame tip moves to air side, the heat release rate
becomes small, and then the flame is extinct on central axis.

In the following, we examine the behavior of various quantities on central axis. 28
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Ki1=d1i—

K=-—NN: VVilame+V * Vilame
=V * Viid,t+ Vitame,n(V = N) :>

2 S . [3£52 BB VRO LFRRIRE,

(2014), 1]

a, : Local velocity gradient
S, : Local burning velocity
R : Radius of flame curvature

K2=V * Viuidt

flame tip

Tangential gradient of \.
tangential velocity at 7

\‘

] y direction distribution of tangential 9
Q[GW/m?3] ' velocity for flame surface

y [mm]
9
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d [mm]
——1.0 -©--0.9
—— (0.8 --2--0.7
—v—0.6 -v--05
—&— (0.4 --0--0.35
—— 0.3 -<©--0.25

K]_X 10_3 [S_l]

o kK, Is almost proportional to u,, and its difference due to the scale of combustion field is small.
o The correlation is seen in Q,,, and x, for different d near extinction.
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Fig.1 Pictures of PLIF Fig.3 Relation between (Ioy™lhcho)may aNd
(2)OH, (b)HCHO, and (c)OH*HCHO curvature of methane-air flame
Work-in-progress for 33th International 101
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Spherical lens <
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Burner (c) CO,, 0= 0.69, v,, = 0.6 m/s (d) He, 6=0.83, v,, = 1.0 m/s
Fig.3 OH-PLIF system

[E50EBABES VRO L 158-159 2012]

@ N2,9/-f0.81, V, = 0.8 m/s (b) Ar, 6=0.85, v, = 1.0 m/s

Harn

Fig.5 Averaged OH fluorescence distributions 103
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