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Introduction

« Significant overlap
of CO and O,

e How does this
behavior occur?

e How to model this
behavior?
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Objectives

« Show “Intermittency” in flame data

 Introduce new mixing model based on
Intermittency phenomenon

 Compare relative merits of new model and
a current model often used in CFD
predictions




Intermittency

* Flame intermittency: The movement of a
flamelet in and out of a region In space

e Distributed vs wrinkled vs candle flames

e In a sampling volume, both CO (from a
flamelet) and O, (from the surrounding
gas) will be recorded
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Intermittency Maps

9 - Multiplying O, with
CO gives an
Indication of where

flame intermittency _
IS occurring

 Even in coal,
Intermittent flame

behavior Is i
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Intermittency Maps

e Most intense near
burner

e Holes In the straw,

wood and cofiring
flames

Also show intermittent

behavior:
Non-penetration Coal Flames

— Truelove 1988, Truelove 1990,
Weber 1992, Godoy 1988,
Godoy 1989, Costa 1991,
Jensen 1994, lllerup 1994, Wu
2006

Penetration Coal Flames

— Smart 1988, Visser 1990,
Abbas 1992, Abbas 1993,
Smart 1996, Ballester 2005

Cofiring Flames

— Abbas 1994, Wu 2006,

Damstedt 2006
Biomass Flames

— Ballester 2005, Wu 2006



Predictability

* Overlap of O, and CO not a new
observation

 Predictive models Iin terms of the mixture
fraction: f




Data Regression
e Based on carbon species, estimate f
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25 7 25 ‘.
0083 0207 0160 0192
0077 | | 0193 0149 - 0479
0072 0180 0139 0467
0066 | 75 0166 0128 _J 0454
0061 0152 01417 0141
0055 | 100 :; 0138 |100 : | 0107 | 400 i
0.050 ;‘\' 0124 0.096 0115
o044 |125 =|r 0111 [125 0085 | 125 0103
0030 ':p 0.007 0075 0,090
0033 | 150 .:? o083 | 150 . ooe4 | 150 0077
r — ||} ooz2s g 0.069 0053 0.064
1797 ot 0022 |19 0055|1797 _ ' o043 | 197 0051
L] L BFooi7 0.041 : 0032 0038
2007 200 200 200
] = | 0011 0028 0.021 0026
1] ooos | | oota| | ) . . . I 0011 | 0013
EEU_ Coal | || ™ 000 ] 0000 ] COflrlng 10 0000 * 0000
0 15 30 45 60 75 0 15 30 45 60 75 0 15 30 45 60 75 0 15 30 45 60 75

m; _ MWC 'in °§i

B m MW, -y,




Data Regression

Data vs. Equilibrium
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Gaussian pdf Model
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Dual Delta Function Model (DDF)
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Comparing Models

e Use both models to fit flame data by
varying model parameters

— Gaussian pdf: vary ¢ (get o5, and o)
— DDF: vary flean and fri(:h

22 1

’\
20 [\
18 [~

=
A O
]
O
Ly &
palle)
N
AN
N

o
T T T T

concentration (%)
= B =




kS
LA R R AR R AR
K
<,
-

Gausslan pdf — O, fit

Gaussian Fit using O2

22 | | | |
18 \N ———ad equil 02
D\\ ¢ meas CO /
16 O 7 meas O2 //
DD\\ + pred CO /
14 8\ x  pred O2 //
-] EN

=
o

concentration (%)
=
N

N\
20 '\ ———ad equil CO

oo N A O




I
LB M R R L Rt A A
K

—=o02]
— co| |

——- pdf

fave =0.1

concentration (%)

Gaussian pdf — CO fit

Gaussian Fit using CO

16

e e I
o N OB~

oo N A O

ad equil CO
ad equil 02
meas CO
meas O2
pred CO




A E
SR =
BE ) ‘| —— pdt| |
6 HER o=000035 |
1 1 “ fave=01
12F ! 1 E
M [}
w0f IS \ E
(RS \
i3 L ]
6F ! DY E
] LR
af ] W\ E
2k ! Y e
! ]
N 2 - L
0.00 005 0 ¢ 015 020 o

Co, and o4

0.007

0.006 |~

0.005 [~

o
o
S
I

{

o
o
S
@

{

concentration (%)

0.002 |~

0.001 |~

! !

<&
O

CO variance
02 Variance

0.000
0.00

0.05




FOUNDED 3 T

/
B \ E
2P, LY
BF S, LY E
.. L
_ N ,' 1 5=000035 |
Sup ‘,\' ! ' fave=01
=] E \ 4
E 12 '4’ \‘
£ 10F I's \ k|
g [N
s ef [N E
6F ! ALY E
] Y
4 1 K%Y B
2k ! Y e
! _\\/
o 2 . - L
0.00 0.05 010 ¢ 015 0.20 025

sigma - O2 fit sigma - CO fit

25

a0

75

100

150

174

200

227

0.0043

I 0.0040

0.0037

I} 0.0034

I 0.0031

0 15 30 45 60 75

I 0.0028

0.0026

0.0023

0.0020

0.0017

0.0014

0.0011

0.0009

0.0006

0.0003

0.0000

O¢

0.0060

I 0.0056

0.0052

F0.0048

I 0.0044

0 15 30

@)
45 60 75

L 0.0040

0.0036

0.0032

0.0028

0.0024

0.0020

0.0016

0.0012

0.0008

0.0004

0.0000



T T T T
B E
E
B N, — cof 4
.

6 E N E
SRV ~. B -
= N
£ 12 \,\
§10F N E
g N E
g 8 flean=0081 s,
6F h% 3

s,
«=75% fave =0, fric

22 | |

\ . B
20 j\ ———ad equil CO ]
18 - Tx\ ———ad equil 02 /4
. N O meas CO /7
16 ¥ o meas O2 // —
S L \\ +  pred CO / B
S a7 X \> x  pred O2 // |
8 121 ) -
= ! |
Q10 [~ —
c B i
3 8 —
6 _
4 _
o - _

O .

0.




T T T T
8E N — co] |
.

E “, E
S S
€ uf \ E
S b \, E
g1 .
§10F N |
g F N, E
g 8 flean=008) s,
oF E

S,
\3
0=75% | fave=0.0N, frich=0.16 1
|~
.

and f

rich

cooomm Parameters for DDF fit

10 B | + ‘+HT t—T ++\j\—ﬁ#\+ \w+\ ]

- T R )

09 [~ O N —

- + - ]

0.8 : - - ]

0.7 [ + © —

© B + & & :

_.g!‘ 0 6 [ + + © <z<>> : —

T - + O frich |

"c_; 05 N & % ] flean [

B + + ]

§ 04— o <>§<>><> ! Alpha ]

0.3 -

0.2 —

01 —

0.0 .
-0.1

0.00 0.05 0.10 ¢ 0.15 0.20 0.2




Conclusions

Intermittent flame behavior is prevalent in
pulverized fuel flames

The current modeling approach, Gaussian
pdf, Is unable to satisfactorily capture
Intermittent behavior

An approach using dual delta functions
captures intermittent phenomenon
— Produces physically unrealistic f,_,

Neither model shows great advantages
over the other
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