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Numerical Study on Laminar Diffusion Flame with Radiation
Along Vertical Wall

ot B Uy W Em
An, Jung-Ki Kim, Jin-Kon
Abstract

To understand the phenomena of laminar diffusion flame along vertical wall, the numerical analysis
has been performed. Keller-box method was used to solve the problem in the boundary layer. The
governing equation is simplified by thin-flame approxiamtion. And energy and chemical species
equations are normalized with Schvab-Zeldovich variables.

A physical domain is divided the boundary layer along streamwise coordinate as the combustion re-
gion and the propagation region, And Radiation model is concerned in these region. As a result, typical
phenomena have been observed. Comparison of the numerical results with experimental data shows
that the present method can successfully predict phenomena of laminar diffusion flame along upright
surface,
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(1) BA7t g A4

@ combustion region(¢ < &,)

=0
f=BJys /3Pr
Jho=JhF=JFo=1 (5-12)

@ propagation region(&, < £)

3f = J“gr 45 5

fl = JFO’ =0

Jho = 1+ (rp~—1;) /B ; £<E<¢

Jur = 1L/ (rgHJpL) B 5 &<¢& (5-13)
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f =0
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larity eqn,

®@ BAl9¢£4ol gl propagation 9 9 —non
similarity eqn.

@ =Atg<&4e] Sl combustion 8% —non
similarity eqn.

@ BEAlE<&4o] e propagation % —non

similarity egn.

= combustion % 9 —simi-

Propagation 949¢] x7)g& combustion %4
oo HFTHE ol &3Ark oz A& Jehi=
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EH At
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® EA} 94£40] g+ combustion B : B Y
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®@ BA} d&4 0] ¢l& propagation 39 : ¥ 9]
1-20, ¥4 0.1

@ EA} 9440 %= combustion 99 : ¥ Y
0—1.0, 34 0.001

@ B2} 4&4 9] 9l propagation H Y : W g
1-20, 74 0.1

7 W) tisiA = Cebecil1l]el W& Fx2
2 3t APF F 28le] 7HHHE 1.06, n.= 8
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& At
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(Ambient Conditions and Constants)

A 2| AAd= [ TAdR

Properties Methanol PMMA
Q. kJ /kg 21022 26560
L k] /kg 1226 1530
o Dy /L 0.044 0.2945
Cp(mean) kJ /kgK 1.37 1.3
2} (molecular weights) 32.04 100
wlve=1) 1.5 6
Ve M2 /3 15.3E—6 9.6E—6
W7 &= K 300.
d715 ArEs 0.233
A7l 43 atm 1.0
W7l 9% kg /m3 0.524
Prandt! number 0.73
Lewis number 1.0
Emisivity ¢ 0.55 0.9
Plank mean absorption
coefficient Kp m~! 0.016 0.2
Stefan-Boltzmann constant
o« KW /m? Ké 5670E—11 | 5.670E—11
mass transfer number B 2.6 1.5
stoichiometric parameter r 0.154 0.12

1.4% % o

2% 29 32 methanol®l ¢ combustion 4
oMo T exot Hxo] i AHX) v
g 73 Holt}h, gl RE uie} go] R4
e PN S 25 £¥E Holx 9o
o, 29 &= ol&3F Aito] AR & o
A5t Jo}, ¥ 229 A9 Hugh 2o
Mol BAX = vlgnle Sx9 R nE W}
g FABIE7] WEQ Aog AN, e,
a9 4, 5ol Heuiep o] Ang oo &
=9 £ 53 259 A9 & WAS Holx
Ak ole Ai G} KA Yl 7
T A2 gAY AGFoX 2x9} &x o

REHREE 8% GRS 173) 19944 38 15



XF7), Gt

2.00 —‘
wwrn |
Rt g Fuel : Methanol
1.20 —
0.80
0.40 ~
0.00 .
0.00 0.20 6.40 Téo
¥/
olM 2=o| ol2 2 AEx| ulR

o
(&€=1, Xy=51mm)

2500.00

T(K) — :Numerical

Fuel : Methanol

2000.00

1500.00

1000.00

500.00

0.00 T —
0.00 0.20 0.40

03 4. MTHAAIA RES 02T ME| H|T

(£=2, Xg=51mm)
1.50 —
h/L Combustion 49
/ & = 0-1
1.00 -
0.50
Fuel : PMMA
0.00 T 7 7 1
Q.00 2.00 4.00 6.00 8.00
n

2.00 -

a :E. i
u(m/s) [= R

1.60
Fuel : Methanol

1.20
0.80

0.40

0.00 0.4¢ +0.60

8 3 ALHAM S22 0|22 AEX| H|lw
(&=1, X;=51mm)

2.80

u{m/s) [D :Experimental
2.40 -— :Numerijcal

Fuel : Methanol

2.00

T8 5 Mmoo A =2 0|22 MEx| vlm
(£=2, Xo=51mm)

2.50
z\ooJ Combustion #9
£ = 0-1

1.50 =3

1.00 £ =7

0.50 \\ : Methia
\

0.00 \

0.60 2.50 400 6.00 ~g00

8 6. ™ dHo|AM2] 2= £X(No Radiation) (PMMA : T, =600°K, Methanol : T, =340°K)

16 =R EE 8% 1RGES 173%) 19944 34



EETFHRAN BHEAMES 1ol Bikgoksol 39 Bigm W

Combustion 44
£ = 0-1

0.20 +

Fuel : PMMA

0.00 T
0.00

a2l 7. ™ gedoMel S E(No Radiation) (PMMA : T, =600°K, Methanol : T,,=340°K)

0.60 7
Y¢ Fuel : PMMA

Combus tion

£=01

99

0.40 -

0.20 4

8.00
Y]

O3 8. N Ao Mol HR, L &

Auye 2z WEg FoAM HISE 4G 0
o)m UTh(2Y 6, 7) ¥, AxF AN AAZ
Hel Hm S=ge An 2E A, 5 HgAR

q otz o 2 FAFE A Q}Al-;a}cg_,] +9

o

of

2 BT 5 AT WREFE WA H2
S50 EAse BPoz BARLE E9F

PASE GG

3k,

0.80
fl Combustion %4
£ = 0-1
0.60
—~ =
é =
0.40 4 A
~ ¢ =125
0.20
Fuel : Methanol
0.00 ; S )
0.00 2.00 400 6.00 8.00
]
0.80 -
Ye Fuel : Methanol
Yo
0.60
Combustion %9
= 0-1
0.40
0.20 4
OOO T T T
0.00 200 400 6.00 8.00
7
AMEd| 2Z (No Radiation ) (PMMA : T,=600°K, Methanal : T, =340°K)
o 28U ol de AAE grze] BRGNS

ol EZFIMASF

(Lewis number)7} $23 988 &L 9n)dl=

Rojth
oA e Ag

o

Aol A} 7

adte] o] FAe AU E(E>6) FHel i)

WEIEERaE 8% 19 GE% 175) 19944 3R

17



o} (19 8) Methanol«] 4.0 Hw
S5t PMMAHT 28 2 4 Sth

), HEe] A A4 dYoA 43t
0.90
)
N L Tw =300K
W, R - Tw =500K
o T
]
~ l//"“\\
I 60 - /\‘  TTe——
Tw =660K
0.30 +
Fuel : PMMA
0.00 T T T T T T T 1
0.00 2.00 4.00 6.00 8.00
§
32 9. M FolM HH
1.50
h/L

— No—Radiation
~-~Radiation

Temperature

y

(| Velocity

\\ Fuel : PMMA
\x\\\

=

18 @EmpRess 8% 1%GES 179) 1994 37

Y
B
2
_19,

oA =238

. of\

e & 5 ek o

e
. 38}, o]EFH o2 o] = AAHL
Zolng o] BiY exxlr} F A F32
=& Beld (o™ 9)
EAMEAG S

0.90 1

Tw =340K

050 /\/,—_\\\ =

—J ;10(5- O)

Fuel : Methanol
0.00 T | E— T T 1
[iX 2.00 400 .00 800
-
heat flux{No Radiation)
2.50
h/L —— No-Radiwation
I ---Radiation
2.00 - / |
A

1.50 //I l
Y
1.00 Il

f, é \ /'v'elor,ify
[ X
0.50 | / / \(\\\ Fuel : Methanol
\\

T - 1
0.00 200 4.()0 6.00 8.00
U]

gARg) goldes et

]

A B, HHes FHY &



EEFR A EHAMES T2 BiRikiok ol B3 Bras W

0.80 -
o
w No—Radiation
S’
2 060 e ——
o]
‘ T ———
Radiation
0.40 -
020 4 Fuel : PMMA
0.00 e ———
0.00 2.00 400 6.00 8.00

0.80
o No-Radiation
“w —
% 090 {,__“\_
~ .
7 * % @ _ Radiation
L] o i} o
a o
0.40 L}
a
0 :Experimental "
e — :Numerical
0.20
Fuel : Methanol
0.00 L T i T T T
0.00 2.00 4.00 6.00 8.00
¢

J8 1. S99 heat fluxOll LIS SAIEHE S 3 (PMMA : T, =600°K, Methanol : T,=340°K, B : X;=11mm, (] : X,=16mm)

£4AZ Q3% 229 Aol ojdulE &5 A
et Jlon AR o Hode ¢
Uk (24 10)
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Hemisphere

Pr Prantle number (v/a)

Le Lewis number («/D)

f dimensionless stream function

Ji Schvab-Zeldovich variables

F buoyancy papameter

C, specific heat

h enthalpy

L effective heat of vaporazation

M,; molecular weight of i

m” mass flux

q” heat flux

T temperature

Q. heat of combustion per v’ moles of fuel
& emissivity

Kp Plank mean absorption coefficient
o Stefan-Boltzmann constant

x streamwise coordinate

y transverse coordinate

¢ dimensionless distance along wall

& end of combustion region

n dimensionless distance normal to wall
u streamwise velocity

v transverse velocity

u dynamic viscosity

v kinematic viscosity

v,’ stoichiometric coefficients

p density

¢ stream function

Y; mass fraction of species i

Yer fuel mass fraction in transferred gas
dimensionless wall temperature

o 71

3 x5
¢ combustion

F fuel

O oxygen

PR products of combustion

7l 5 5 8
B mass transfer number
r stoichiometric parameter
Gr, modified Grashof number(LgX?/4C,Tv)
D species diffusion coefficient
o thermal diffusion coefficient

A thermal conductivity (apC,)
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W
Wo
fl
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inert gas
radiation
gas phase radiation
surface radiation
wall in propagation region
wall in combustion region
flame position
ambient



