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Numerical Calculation of Turbulent Premixed
Jet Flames

Sejin Kwon
Dept. of Aerospace Engineering

<Abstract>

A numerical analysis of turbulent premixed jet flames is described, limited to the thin
laminar-flamelet regime. To make the computation practical, existing turbulent boundary
layer model was used with a modified source term for reaction progress variable. The
Source term involves laminar burning velocity in order to account the effects of fuel
equivalence ratios. The source term includes additional parameters, which were obtained
by matching with the measurements at ¢=3.57, Re=40000. Test results of the model were
compared with existing measurements of turbulent premixed jet flames. The prosed
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model describes accurately the effects of fuel equivalence ratios on reaction progress
variables, turbulent burning velovities, mean axial velocities on burner axis and axial
velocity fluctuations. However the model slightly underestimated the measurements.
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Table I Source Terms in the Governing Equation
G Se
1 0
1; (I(D oo T E )
¢

C IS (1+1)c(1— )e/((1+1)F?)
k ufsu/ar)—ope)

(Caufoular)??—Cupe)elk

C,=g/(C, " o,l)

of, = erfc( ln(c/cqz)l,; 62/2) ) _ (—?-)erfc( In(e/e,) + 0%/2) o)

21/2

Cy Ca Ce Cr Oc Ok Oc a loyi g
0.09 1.44 1.87 183 07 1.0 13 1.0 05 15
¢ 0.3 08 1.0 18 357
Sp(m/s)" 0.4 2.2 2.7 35 2.3
£,(m? /) x 107 047 262 504 1050 143

a From Andrews and Bradley
be = v(5,/6,), 8 =alS,

— 145



10

~
‘

INSITY  (77/S,)

INTI

,
)

NORMALIZED TURBUILIENCI

A

100

10

THICK FLAMES
(6L > ¢ k)

MIXING LIMITED (2> S,)
THICKENED FLAMES (8. > tx)

® MIXING LIMITED

e (1>S)
A
® VD TIHIN FLAMES
° O (5L > tx)

<Ot

10

@ WRINKLED, THIN
FLAMELETS (2'<S,.8.<tk)

<P

0.1

10 100 1,000 10,000 100,000
TURBULENCE REYNOLDS NUMBER (%'t /vo)

Fig. 1. Turbulent flame regimes.

—146—



A
/

€

(1= ¢y -

NORMALIZED MEAN UNHREACTEDNESS

GF dEY AE B9 dssl £ AP

{ T 1

DATA THEORY ¢
0 ~—— 08
A —-— 18
o - -- 357 1
8 %5 ao i
g &
C] =
o 7
x / L. = 050 89 o>
O - ™0 (@] 0 ] O o
| :
8]
0
0.0 0.4 08 1.2 1.6

RADIAL DISTANCE (2r / d )

Fig. 2. Mean unreactedness along the bumer axis.

~ 147

11



St / Si.

VELOCITY,

~
1

BURNIN(

SFFECTIVE TURBULENT

I

12 AR
5
$ 08 10 18 357
O A O v
1 F THERMODIFFUSIVELY 6= 10
STABLE :
3 —
2 b~
i STABLE
O . .
0 1 2 3 4 5

TURBULENT FLUCTUATION , %o ./S:

Fig. 3. Effective turbulent burning velocities.

— 148 —




(1,]10,,)

VELOCITY

CENTERLINE AXIAL

<

G

GF AEY AE Y AR £ A

.
- - Fa: Y - = _ SS— _ " ]
o . T T A @ %o

‘ ~
- "._._..D._,d__l‘ BES” po—— \\Q

Re = 7000 Re = 40000 7

FLAME POSITION ( TYD.)
¢ =357 |
e o- % egsees. X

O e FanSgy b 5

. a A

S 3\ 1
=18 |

— RIS e,

“’?\
i } .
l-‘-—{] ‘°. .
e ® .
¢ = 1.0 4
- A
¢ =03
0.1 1.0 10 100

AXIAL DISTANCE (2r/ d)

Fig. 4. Streamwise mean velocities along the axis.

— 149

13



14

VELOCITY FLUCTUATION (i Ju,.)

AXIAL

CENTERLINE

A4

-
FLAME POSITION ( TYP.)®
0.2 0]
Re = 7060 Re = 40000 ©
Q-
O
O 0O
S o Q_ CB % ¢ = 357
0 I = ]
02 -
- 90
_;D_._ .
o TR e
L . o -
/
™ g *e Y& S /
0 - ¢ =18
O
o*®
®
02 | e O
- 0O— /
o © /
o —a-9% 0 //
- e O y
&0 0
/
___8_ o © s ?)8 Vs
01 - S
o0
0.2 - DATA THEORY Re -
0 7000 —a— ©
e - 40000 Og‘/\‘
- GeY e
¢ & S0 o ®°
__‘CQ_ (’ O 6 b O ¢ - 03
0 ]
01 1.0 10 100

AXIAL DISTANCE ( 2r/ d)

Fig. 5. Streamwise r.m.s. velocity fluctuations along the axis.

—150—



