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Numerical analysis of combustion perfor mance of\ EBM C flame hol der

MA Wenrjie, YANG Yang, YANGMao-lin, FAN Wei-jun

(School of Jet Propulsion, Beijing Universty of Aeronautics
and Astronautics, Beijing 100083-—-China)

Abstract : In order to verify the combustionperformance of .EBM C flame hol der in wider
operating range ,numerical simulation of-the combustion process was carried out. The influ-
ence ofthe jet velocity ,jet equivalenceratio and the approach velocity on combustion eficien
cy was analyzed ,meanwhile the smulated results were compared with combustion perfornr
ance of common V-shaped'stabilizer-,showing the influence of above specified factors on the
combustion performance of flame holder. On a comparative bass,the results show that the
influence of _such variables on combustion performance corresponds almost to earlier experi-
mental resultsin narrower operating range ,despite of some differencesin some aspects.

Key words: aerospace propulsion system; EBMC (edge blowing mixture curtain) flame
holder ; combustion performance; afterburner

[4]

70 80

[1-3]

1 2006-10-16; . 2006-12-25
(1978) ,



10 : 1647

, , 345 500.

( L
1200V , 1)
1
1.1
1 , 1
2 3 3
Fig.3 Calculation field and meshing
) FLUEN T6. 1 ,
ke , PDF
2 \ 1 \%
2 : 1.3
265 mm.
| 3 RN A5 2 ! ' '
1.4
1.4.1
1 : Vm =88 m/s, Tm =
Fig.1 Schematic of the -Type EBMC flame holder 773 K m =0 011 kg/ s
V; =20,30,40,50,60 m/ s;
2 \%
L ~ |
''''' B 1.4.2
Vm = 88 m/S,Tm =
773 K, , V; =50 m/
S, ® =1,2,3,4,6,8.
2 \Y
Fig.2 Schematic of the regular V-gutter 1.4.3
Tm =773 K,
1.2 Vi =50 m/s, )
300 mm, D =6, Vm =61,88,112,

170 mm, , 138 m/ s; \Y



1648 22

Vj , V
2 90
88— & G ——
2.1 86 / ~~.
84 .
, [5] 82f
1 1 %‘ 80_
78
4 768 —e— IV bR AR AR B R
, ;‘;‘ A CHMLVREE BRI RA R
70 Y | 1 { (| 1 1
! ! 0 10 20 30 40 S0 60 70
’ 1 VJ/(m/s)
) 5
Fig.5 Hfect of jet velocity on combustion efficiency
90 —— (Vm=88m/s, Tm =773 K,m =0 011 kg/ 9
80F A/ — /—\
701 '\. \)
. 60
X v
® 50
A0 _a it (5] s ek BT BT B
L—v— SRR [S) e V IR BT A T
301 —— & A R |0 RO R

Y S SR S SR T S SR
0 25 30 35 40 45 50 55 60 65 70
V‘ /(m/s)

N WE 1 L 1 0.003
200020 30 : m
\‘/15/2

iency 6
Fig.6 Hfect of jet velocity on recirculation ratio

; [5] (
4) : : ( 6,
( 7, 7 V;=20,60ms
Fig.7 Temperature distribution on center plane
’ ' (Vm=88m/s, Tn =773 K,m =0 011 kg/ §)
( 8, , 5 Vam=8ms
) . 0 ms, 4 [5]
(vi=20m/s Vi =50 m/'s 70m's,
10) : . 50 m/s;
: (
4 5 , , 6) ,



10 1649
0.335 90 =
0.325f ol
03 701
315F 60
0.305f 8 S0
£ 0295 —  dor
< 0335 30F  —a—V, =50m/s V=30m/s T '=573K
== 20F —e—V =50m/s i'}:SOm/.s T '=573K
0.275F 0 ——V =35m/s "':351"/.~ T '=473K
0.265 0 1 ] 1 ] ] 1 ]
1 2 3 4 S 6 7 8 9
0255 | o\ v v vy P
15 20 25 30 35 40 45 50 55 60 65 70
Vl/(m/s) 10 [5]
6 ( )

Fig.8 Hfect of jet velocity on the residence time

2.2

9 ’

[5] , 10

;11 ® =1,3,8
@ =1

95
90 /_“.\‘\‘
85

8

=
80
75r

70 1 1 1 1 1 1 1 1

Fig.9 Efect of jet equivalence ratio on combustion
eficiency (Vm =88 m/s,V; =50 m/ s, Tm =773 K)

, Vmn=88m/s

CD]-: 3 [5]
Vm=35,50 m/s D =
25 3;

Fig.10 HEfect of jet equivalence ratio on combustion
eficiency (- Type EBMC flame holder
experimental results)

;\‘m ;|_}|1r» 1233.]

3K0 1314.6 1233.]

d-1 P=3 d=8

1 (K
Fig.11—Temperature of recirculation zone( K)

2.3 V
12 , ,
; [4]
, 13. V
1 L 1 (
14) ,
95
90| — .
./_—A—"‘”/‘
851
_sol /
&
E.75— &
0 i Gl e h Ryt e B LA 4 I
—o— VIR ZRIR (Raods g 1 g
65F T MLV L 28 R
60 TR S N B TR S
50 60 70 80 90 100 110 120 130 140 150
V. Jm/s)
12

Fig.12 Hfect of approach velocity on combustion
eficiency(V; =50 m/'s, Tm =773 K)



1650 22

100 ) H [4]
Vm=50 80 m/s ,
Vm=61 138 m/s,

—u— | BRI TR 285 3R 4N

.
~J

v !o

r7T T 17T 17T 17T 7T T T T 1777

1 1 1 1 1 1 1
50 55 60 65 70 75 80 85 !

V Nm/s)

13 t :
Fg.13 HEfect of approach velocity on combustion , ,
eficiency(p =0.2 MPa, Tm =597 K)

14 Vn=61,88,138 m/s
Fg.14 Comparison of the flame

case of Vm =61,88 m' s (1) , [5]
m/ ;
, ; [5]
Vv : '

! (2) ' [5]
1 CD]= 3, [5] Vm =
) ' ' 35 m/s,50 m/'s D =
) 25 3, ;
(3 : [4]

(Vm=50 80 m/s)
Vm=61 138 m/s,

\Y
HA R LRI R
15 \%
Fig.15 Comparison of the flame structure
of V-gutter and EBMC flame hol der [1] Perk R E,Samuelsen G S. Generalized stability criteria for

an opposed-jet flameholder[ R]. AIAA 82-4229,1982.



10

1651

[2]

[3]

[4]

Sridhara K, Chidananda M S, Paranjpe P A. Jet curtain
flameholder for aircraft afterburners[ R]. 78 GT-95.
Sridhara K ,Chidananda M S. Fresh mixture entertainment
in ajet curtainflameholder[ R]. Ffth Internationa Sympo-
sumon Airbreathing Engines ,Bangalove,India: February ,
1981.
[J]. ,1998,13(2) :185-188.
YAN G Maolin ,QUAN Zhong ,BA| Xingyan ,et a. Experi-

[5]

mental investigation on EBMC flameholder[J]. Journa of
Aerospace Power ,1998 ,13(2) :185-188.

[J]. ,2001 ,16(4) :345-349.
YUE Lianjie ,XION GJiangiu,FAN Wejun ,et a. Research
on combustion performance of the edge blowing mixture
curtainflameholder[J].Journa of Aerospace Power ,2001 ,
16(4) :345-349.



